! SINDH TEXTBOOK BOARD, JAMSHORO 


. THE TEXTBOOK OF 


BIOLOGY 


FOR CLASS XI 


SINDH TEXTBOOK BOARD 
JAMSHORO 


Published by: 
URDU ACADEMY SINDH 
KARACHI 


as 


= Sindh Textbook Board 
Reviewers | 
Prof. Mohammad R OW : 


Govt: Post Graduate 


immad AzhaHussain Prof. Hamid 
e College, Karachi. F.C. NEL ə 
dlu E Soomro Dr. Tae ahmad 
l - odd Hyderabad "» àm University, Islamabad. 


" 
id Ali Syed DC Waheed-ud-Din 

ce College, Karachi. "deamabad College, islamabad. 
d Jamal O Prot. Mohammad Asghar 


^. Science College, Karachi. P. Bureau of Curriculum and 
t wd Extension Centre, Quetta. 


amim Khurshid Khan Q^ 
House, Public School, Hyderabad. Q, Prof. Minhaj-ud-Din Ahmad, 
' University College of Education, Rawalpindi, 


ddin Sheikh 
| A» Mr. Saeed Ahmad Maher 
ls [^ Ministry of Education, 
mmac Saleen! ghal (Curriculum Wing,), Islamabad. 
E Consultant & Coordinator 
Nazir Ahmed Shaikh. 


Layout , Designed 


& Composed by 
Muhammad ibrar 
Urdu Academy 


"o 


o o 4 Oo c 


UNITY OF LIFE 


SS 


BIOLOGICAL MOLECULES 
ENZYEMS Q 
Y 
THE CELL ne 
j v 
BIO-DIVERSITY 2 


VARIETY OF LIFE 

THE KINGDOM PROKARXÓTAE (MONERA) 
THE KINGDOM PROTISTA (PROTOCTISTA, 
THE KINGDOM. EUNGI 

THE KINGDOM PLANTAE 


THE KINGDOM ANIMALIA 


THEFUNCTIONAL BIOLOGY 
OX BIO-ENERGETICS 
NUTRITION 
GASEOUS EXCHANGE 


TRANSPORT 


131 


mE 


* 


VIGA- BY FUTURE DOCTORS (TOUSEEF AHMAD). . 


T- 
abl f 91 vari ous science subjects taught at high school, college and university | 
larly revised, updated and modernised all over the world to keep the © 
ast with the latest developments in the subjects. For the past decade, the 
yf Education, Govt: of Pakistan has been busy in revising and modernising 
for the guidance of Provincial Education Authorities. With this idea in the 
und, the Sindh Textbook Board was handed over the responsibility of publishing 
Science textbooks in various subjects for high school and college students. 


This is the most challenging time to learn and teach Biology. The same 


suffocate students under an avalanche of facts and terminology. Most students in an 
introductory course do not yet own a framework of biological concepts into-which they 
can fit the many new things they learn. 


We can claim that there is drastic but positive change in the syllabus of biology. 


What we had studied in 6th decade of last century is gone in £nodern syllabus. The — 


present book is re-written by a group of specialists in the subjéct. In selecting the co- 

authors, the Sindh Textbook Board has given preference to experienced working 
There are 14 chapters in the book written by nine authors. There are independent 

full chapters on the topics of Biological Molecules,-Enzymes. Viruses etc. Also there is 
a chapter captioned "Bioenergetics" dealing withSome of the principles of energy trans- 
formation jn living systems like photosynthesis, glycolysis and respiration. Similarly in 
a@chapter "Nutrition" both Autotrophic and/Heterotrophic nutritions are given together 
With digestion. Also introduced for the firstittme in biology is the concept of the immune 
System and the underlying principles irivoived in the natural management of the health. 
For the first time some new things have been added, for example an introductory 

paragraphs, Information boxes and key points are given in each chapter. 


No human writing is frée of erros and this consideration let us to revise andi 


update the exisiting books Of Biology after first edition. The task was assigned to aj 
group of Biology experts who did this job with pains taking endeavors. Every effort has 
been made to improve the subject matter, to rectify previously existing errors, to update 
the textual material as well as the illustrations and exercise. 


Ll 


The Sindh Textbook Board has taken great pains and incurred huge expenditure 
in publishing | revised book inspite of its limitations. Commerts and suggestions of 
all for improving thís book would be welcome. 


h In the end, I am thankful to our learned Co-Authors and the Subject Specialist 
cf the Boarc for their relentless service rendered for the cause of education by writing 
biclogical textual material. 


Chairman 
Sindh Textbook Board 


n : tion explosion that makes modern biology so exhilarating also threatens to — 
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and around you in 
d on land, you find 
exist? How do they 


ar to you. It is in you 


Biology or the science of life is not unfamili 
ater, in air, an 


greatly diverse forms. Every where you see, In w 
living things which call your attention to ponder. Why 

exist and what is the underlying unity among them? When é 
being? If you have developed this intellect than you are very clos 


the Creator and His creations. 


-MDCAI BY FUTURE DOCTORS (TOUSEEF AHMAD) 


NI IRA N° 


H 


io 4 


q 


sae Shere 


The Biology recalls your previous exposure to biology in early classes. It gives you 
some novel thoughts, a modern and clearer vision of the biginnings of living things, 
from the molecular levels up to the level of complex organisms. It provides you the 
basis for systematic observations, hypotheses, predictions and experimentations. 
Finally, this chapter gives you few examples of various brilliant biologists 
endeavours, such as modern diagnostics, therapeutics, control of diseases and 
techniques like cloning, hydroponics etc. 
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=, : ee the subdivision Zoology. The latest research has discarded the 
“aati ot two kingdoms of living organisms. According to modern system of 
my, living organisms have been classified into the following five kingdoms: 


Kir gdom Prokaryotae (Monera): Q 
It includes almost all the prokaryotes, e.g. bacteria anobacteria. 
Kingdom Protoctista (Protista): j y 
It includes all the unicellular eukaryotic ora which are no longer 


classified as animals, plants or fungi. egEuglena, Paramecium, 
Chlamydomonas, Plasmodium etc. Multiceliiar algae and primitive fungi 


have also been included. 7 


.8. Kingdom Fungi: 

’ It includes non-chlorophyllus, multiéellular (except yeast) organisms having 
chitinous cell wall, absorptive Hetérotrophs and have non motile spores/ 
gametes e.g. Agaricus (mushroom) yeast, etc. They are absorptive hetrotrophs. 


4. Kingdom Plantae: .. 
J It includes all the eukaryotic, multicellular, chlorophyllus, photosynthetic 


autotrophs havingáèH wall made up primarily of cellulose, zygote retained 
to become embryo and exhibiting heteromorphic alternation of generation. 


e.g. Moss, Fern, ines, Apples, etc. 


Kingd alia: 
s all eukaryotic, non-chlorophyllus, multicellular, ingestive 


It in 
i hetetotrophs with no cell wall. e.g. Hydra, Earthworm, Human beings etc. 


Scientists have discovered and named more than one and a half 
million species of living organisms which exist in a great variety of forms - shapes 
and sizes. For example, the smallest microscopic ones, bacteria, which may measure 
re than 0.0001mm to probably the largest animal, whale, in the world, which 
asure up to 40 metres in length and weigh 150 tons and trees, redwood 


s over 300 feet in height. l 


dern biology does not only concern with the recognition and classification 
cies but also deals with their vital structural and functional aspects. - 


€ 


| FT Ls dal i 
ranch of biological science that deals with the stru cture a 
‘the molecules which form structure of the cell and its organe 
in the biological processes of a living organism (Nucleic acids 
ecu e). 4 - 


7 
if deals with the study of micro organisms (viruses, bacterid;;pro 0zoans 
_ and pathogenic fungi), which can only be seen under micros pic. 


Environmental Biology: ES 
. . Itdeals with the study of environment and its effects onc, Previously 
|... dt was known as ecology. oO 

Marine Biology: S2 

_ — t deals with the study of organisms inhabiting the sea and ocean, and the 

E ^ physical and chemical characteristics of their environment. 


P. 
. Fresh Water Biology: 


It deals with the life dwelling in the fresh water bodies, their physical and 
chemical characteristics affecting it. . 


» 


Parasitology (Para-Beside, Sitos=Food, Logs=Science/Study): 


It deals with the study. of parasitic organisms, their life cycles, mode of 
transmission and MANC tion with their hosts. 


s 
Human Biology: | 


- 
This branch of-biology deals with all biological aspects of man regarding 
evolution, aríatomy. physiology, health, inheritance etc. 


Social Bio Sociare-Companion): 
"2: Social 
= ofagiven 
E. as whe h 


y (Bio - life; Technologia = systematic treatment): P 
‘recent branch introduced in biological sciences. It deals wit 

€ data and techniques of engineering and technology f 

problems concerning living organisms 


4 
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part 
‘ 
a 


ganized. This complexity and 
| Of gr of str ctures with each level based on the one 
rovid foundation for the one above it. Life is built on a chemical 
his f oundation is based on elements, each of which is a unique type 
is we know, an atom is the smallest possible unit of an element, which 
the properties of that element. Further division of this unit produces 
subatomic particles of which an atom is composed. Atoms may combine 
c ways to form molecules. Simple molecules are formed spontaneously, 
mple, carbon dioxide. Extremely large and complex molecules are 
ctured by living matter (within the bodies of living organisms). The molecules 
g matter are mostly based on carbon and provide building blocks of living 
These are called organic molecules. Molecules of different elements 
rise a compound. Along with organic compounds, inorganic compounds 
erals) are also associated with living organisms, for example, human blood. 


` 


plex and or 


My The simple organic molecules are sugar, glycerol, fatty acids, amino acids, 
_ purines and pyrimidines. In the bodies of living organisms simple organic molecules 
are converted into more complex organic molecules. They are recognised as the 
three categories of food or natural macromolecules and are required by living 
organisms. These are carbohydrates, lipids and proteins. 


With different chemical arrangements and formation of complex molecules, 
"the life emerges on the level of a cell..Like an atom is the smallest unit of matter, a 
cell is the smallest unit of life. Fundamentally, all cells contain genes, which are 
functional units of DNA. The genes provide necessary information needed to control 
the life of the cell. The sub-cellular structures, called organelles, function as 
chemical factories and use the information in the genes to keep the cell alive. A 
thin covering called cell membrane encloses the cytoplasm along with its inclusions. 
Some organisms, mostly microscopic, consist of one cell, but larger organisms are 
of many Cells. In these multicellular organisms, cells of similar type form 
tissues, whic rform a particular function, for example nervous tissues, 
connective — xylem tissues etc. Various tissue types combine to make up an 
organ, for ple the brain. Several organs that collectively perform a single 
function form an organ system. for example, together, the brain, spinal cord, 
_ sense organs, and nerves form the nervous system. Altogether, different organ 
ems functioning in a highly advanced co-ordination and co-operation make up 
individual whole organism. 
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tion can be ¢ ded into the following levels. 


That part of earth inhabited by 
living organisms; includes both the 
living and non-living components 


A community together with its 
non-living surroundings. 


Two or more populations of 
different species living and 
interacting in the same area 


Members of one species 
inhabiting the same area 


Very simillar, potentially 
interbreeding organisms. 


TAS. 


hard of prapighom antelope 


Multicellular 
organism 


An individual living thing 
composed of many cells 


Two or more organs working 
together in the execution of a 
specific bodily function 


Organ 
system 


Organ 
Tissue 
Ls Nervous tissue 
Cell The smallest unit of life. 3; 92 z — € 
" a nerve ceil k 


. VS s 
tucture within a cell that 3 b € = 4 
Organelle | SA fi Po) | 
rforms a specific function. A 
d N 


A structure within an organism 
usually composed of several tissue 
types that form a functional unit 


^ 


A group of simillar celigs that 
perform a specific furistlon. 


mitochondrion chioroplast 
Molecule A combination of atoms. P osa 
water glucose MS 
$ The smallest particle of an A 
element that retains the properties v) WS JJ NT i} 
of that element. j hee. ot 
hydrogen A carbon PA. nitrogen 
ja Subatom Particles that make up an atom [7 © © 
- | particles proton neutron electron 
“ae Fig. 1.1 Levels of organization 
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—"Who has made the earth your couch and the heavens your canopy; and 
; sent down rain from the heavens; and brought forth 


therewith fruits for your sustenance." 
(Sura Al-Baqra, Ayah 22) 


Then again the Holy Quran says that: 


—"There is not on animal (that lives) on the earth, nor a being that flies on 


e its wings, but (forms part of) communities like you." 
ý | (Sura Al-Anaam, Ayah 38) 


Or 
The English translations of the two Quranic verses, (by Abdullah Yusuf Ali 


1934) reproduced here refer to important biological phenomena. In these and a 
nic verses referring to biological and other scientific facts, 


number of other 
Quran emp upon us to study them carefully. 
"d X Say: Behold that is in the heavens and on earth." 


(Sura-Yunus, Ayah 101) 


't night and day, there are indeed signs for men of understanding. 
contemplate the (Wonders of) creation in the heavens and the earth." — 
(Sura Aal-e-Imran, Ayah 190-191) 


Imost two and a half billion years ago. It has been. 

forms were of simple unicellular organization. As a 

adual modifications in the genetic material of some or all of 

rms, new types of living organisms were evolved. This provided the 

present day diversity in the form of organisms, which exist as 
ecies all around the earth in each and every type of habitat. 


veloped ways of interactive life i.e. they live in some ks of association with 
g organisms i.e. Symbiosis, (Commensalism, Mutualism, Parasitism, ete.). 


o. 4 
C 


ajority of living organisms occur as free-living forms m who failed to do 


s stated earlier, the first living forms were.simple, unicellular organisms. 
we come to know this? Another query.comes to mind how and when did 

nt day organisms develop? Such-questions can be solved through the 

of fossils which are the remains of'àncient organisms that lived in ancient 
'ortunately, fossils of most of thegroups of organisms have been discovered. 


e fossils can be determined by.using number of techniques. Through these 
liques, it has been discovered that fossils of different groups of organisms 


erent age, supporting thé concept that different organisms arose in different 1 
ical times as shown in figure 1.2. 


l of ‘cells. 


paou evolving from one immediately preceding it. If all the missing lifiks are 
ar. rd they may lead us to the origin of life itself. 
L.3 . BIOLOGICAL METHODS 
E. The methods to tackle problems in 
the field of biology work almost on the 
pee principles as in any other field of 
science. Biologists work out the topics and 
. recognise them as problems to be solved. 
__ A systematic method of steps is followed 
in order to carry out the research (Fig.1.3). 
Scientists make keen observations and 
collect the facts already reported by 
others. On the basis of these facts, a 
scientist formulates a tentative statement, 
called hypothesis. This hypothesis is 
used to guide further observations and 
experimentations. This part of the 
scientific method involves inductive 
reasoning. In this, a scientist uses 
isolated facts to reach a generalidea that 
explains a phenomenon. For example, 
Robert Hooke observed, a thin slice of cork 
"being composed of units, which he called, 
cells. This led to further observations and 
experimentations.on plant and animal 
. material, bý X M.J.Schleiden and 
T.Schwann, who proposed the cell theory, 
stating that all forms of life are made up 


OBSERVATIONS 
(Identification of Biological Problem) 


DATA COLLECTION 
HYPOTHESES 


^^ Inductive 
N Deductive 


EXPERIMENTATION 
CONCLUSION 
THEORY 


REASONING 


- 
4- 


Fig. 1.3 Steps involved in the 
scientific method 


- Once the hypothesis is stated, deductive reasoning starts to play its role. 

t often involves an “if——then” statement. Based on the results of accurate 

imentation, conclusions are drawn. If the conclusions come true the 

ssis is taken as true, otherwise it is not accepted. On the basis of true 

s, a theory is put forward which, in turn, when proved to be true under 
ircumstances, is accepted as a law (general principle). 


SES to develop 
Aa tion inhibit the growth 


| fungi Penicillium notatum. The credit for the & overy. isolation and large 
tne (1 ction goes to Fleming, Florey and QÁain who jointly received Nobel 
5) for this great achievement in medical sciences. Due to these antibiotics 

any critical diseases of past like T.B., leprogs: ‘and anthrax etc. have been controlled 


pi V. 


Ss 


-- gpeeec rays (X-rays), yet D. achievement of biological research, 
a used in medical sciences for the diagnosis and treatment of human 
, although electromagnetic radiation is very destructive to human tissue, 


ne | Eos to, in high doses: However, recent medical technology of treating 
car »" and tumours by herapy has been successfully introduced. 


Emo the advanc Sent of medicinal sciences, biologists have, and still are, 

| P medicine to tackle the problems concerning health. These 
, treatment of disease that with the help of certain chemical 

ously uncured diseases like cancers and AIDS etc., has proved 


nt problem of mankind has always been to get food. 
"n human population this problem has become worse. 3iologi va 
s their best to tackle this problem by developing tiy 

be introduced in agricultural field to prono better q 


s AA 


of growing terrestrial in an aerated 


| required for cultivation is reduced. 
ure successfully ally grown in arid parts of the world to meet the 
|. foc ^ ite of those areas. For example, tomato crops has 
M. been success y grown in green-houses in some parts of the world 
through this technique. 


It is used to determined which of the mineral elementgate essetial. 


ning: It is the production of duplicate copies of genetic m either cells or 


3 
4. 


itia e multicellular living organisms. It occurs naturally in ts and animals. 
e copies are referred to as clones. Some common examplés àre identical twins or 


riplets in humans, asexual reproduction in plants and einai. regeneration and 
velopment of tumours and cancers. (^ 


7 Pas A 

ee Artificial cloning has long been a focus of attention in biological sciences. 
‘The possibility that people might be cloned fremmthe cells of a single adult human 
being had long been under study. Biologists have successfully cloned lower 
"mammals. Recently, Dolly the sheep was ahighly successful clone from a somatic 
"cell, reported back in 1997. This has led scientists to take a step forward to clone. 
‘humans. Cloning of human cells suchvas liver cells, skin cells and blood cells, have 

T been very promising and scientists'are quite hopeful to develop human organs in 
the laboratory by artificial cloning. There are enormous advantages of artificial 


. cloning in areas Yigg one of and medicine. Vegetative reproduction of various 


E 


fruits and nuts by is one of the best examples. A major goal of this technique 
is to use it for treating\diseases. Through this technology, production of medically 
significant Eee: such as insulin, growth hormones, interferon and 
 antithrombin have en achieved. 


ctio d conservation of environment: 

Pollution has been the biggest problem of man for many years. Acid rain, 
one cancer and green house effect are some of the aspects that have been increased 
1 the increase in human population and industrialization. 


Many of the waste products of modern technology are toxic. These toxic 
tes have polluted our air, land and water, threatening not only human life but 
ving forms. In this regard, improved and effective biological ne | 


to identify different sources of pollution and techniques 
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catastrophic results. To maintain a stable and balanced 

n of forests and parks helps to reduce soil erosion and flooding eic. It i 
ientific value as it provides useful information about plants that have 

ial or other importance. 


- Efl CONCEPT or BIOLOGICAL CONTROL AND INTEGRATED 
| DISEASE MANAGEMENT 

The use of natural processes to combat pathogens is very helpful. It involves 

introduction of pathogen's natural enemies into its environment. In case of malaria, 

for example, introduction of small fish in ponds and ditches has beerran effective 

method to minimize the growth of larvae and pupae of mosquito vector. Biological 

pest control involves exposing them to predators and parasites.) 


Growing plants in climates that are unsuitable for the pathogen can control 
plant diseases. Interplanting, as it stimulates conditions imnatural ecosystems by 
limiting the spread of infectious diseases can also contrefit. Another effective method 
in eradication of disease, is achieved by crop rotatión: It is the practice of growing 
different crops on the same ground in successive years rather than repeatedly 
growing one year after year. Through crop rofation, the chances of establishing a 
particular parasitic weed affecting that cropis reduced. Moreover, soil fertility can 
be increased by introducing a crop of legtiminous family which have nitrogen fixing 
bacteria in their root nodules. 


n KEY POINTS 


@ Biology deals with the study of living organisms. 
A 

* Modernsystem of classification divided organisms into five groups or kingdoms. 

€ The scope of biology has increased wiht the introduction of technical fields for 


study. 
@ Life is built on chemical foundation. 
* | Living organisms exhibit a gradual complexity in structure and function. 


_@ Problems in biology are dealt with biological methods. 


(b) Protoc 
Ende) Fungi (d) P m 


Malaria is caused by: 
(a Virus (b) Bacteria 
(c) Fungi (d) Plasmodium 


All of the following are natural cloning except: 


(a) Regeneration , ~ (b) Identical Twins 
(c) Seda es Twins (d Tumor 
Pencillin ya discovered by: 
(a) Fleining (b) Jenner 
(c) E bert Brown (d ^ Laveran 
, Micro organisms are studied the disciplines of: 
^ (a) Parasitology . (D Marine biology 
p (c) ^ Micro-biology (d ^ Human biology 


Hydroponics is the science of growing terrestrial plants in: 


- Laboratory (b) Desert 
(d) ^ Aerated solution 


Biosphere k 
Multicellular organisim 


| . Crop rotation is one of the effective methords PERO 
í Parasites «./ 


(d) is 


te detailed answers of the following questions: 
_ Explain the levels of agio Ach of life. 
How antibiotics and vaccines contribute to health? 
What do you mean by rádiotherapy and chemotherapy? 
Write an essay onz'applications of boilogy for the welfare of mankind". 


e short answers of the following questions: 


What is bidlogical method? 
Lc o you understand by Hydroponics? 


RA is five kingdom system? 


1 
t Er- antibiotic? 


ers of the following questions: 
(ii) Boitechnology — : 


I SECTION-II 


à 


Despite the existance of great diversity that is observed among living things, they all 
share features like cells, cellular organelles, chemicals, etc. What does it suggest? 


They all have a Creator - Allah, Who is the only one and none shares His authority. 


Chemical substances which are supposed to be non-living, when incorporated in 


living protoplasm become a live and then they behave in a coordinated fashion. What 


turns them into life in living protoplasm? 


16 


Q b ' f Yy "TN a ^ wu me gu 
8y which explains the biochemical basis of life called 

one of 1e most important branch of biology especially now a 
I excitement and activity in it due to several reasons some are given 


pue it provides information about all the 
m, rom construction of body structures to fl 
ially DNA for enzyme 


| oy ; it provides information about abnormal mechanismswwhich lead 
peesses. timately opening the doors to the development of, cines and 
ec icc equipments to elucidate these abnormalities. NAM 


processes carried out in the living 
ow of information from the nucleus, 
(Protein) synthesis and control of all the mechanisms. 


mN 
M 

4 ^ 

PN $ 


Thirdly, recent biochemical concepts and powert techniques have 
enabi ed us to investigate and understand some Hiest challenging and 
i am ental problems in biology and medicine e.g how does a fertilised egg give 
eto different types of cells such as muscles, brain and liver etc.? How do cells 
d each other to form a complex organ? How is thé growth of cells controlled? 
fat are the causes of cancer? What is thé mechanism of memory? These 

istions are satisfactorily answered by Biochemistry. 
- To understand all these, it is important to keep in mind that most organisms 
Ire composed of organs, these organs are made up of tissues, these tissues are the 
a. group of cells, finally the cells are-iáde up of molecules and the molecules are 
— chemically bonded atoms. It means'that fundamentally living things or organisms 
E" paremade up of chemicals i.e. structure and function are dependent upon chemicals. 
F LJ 


7 LS 
J 
) 


Therefore, itis ap opria te for us to study chemical principles and structure 
of molecules involved inthe cells to understand the structure and mechanism of 


- 2.1.1 Che Composition of Cell: 

We at all living bodies are structurally composed of cells and living 
cell living material called protoplasm. The actual chemical composition 
ofprotoplasm is still not known perfectly. However, chemically it contains 70 to 9096 

-0. Ifthe water is evaporated, the remaining mass is called dry weight of the cell, 
1consists of mainly carbon containing molecules, these molecules are termed 
nic molecules. As chemists synthesized these molecules in laboratory, the 
ssociated with organic compounds disappeared. Now, the compounds 


| by living organisms are called biochemicals. 


ele: ents, carbon, hydrogen, nitrogen, oxygen, phosphorouse idsulphu 
pout 98%) of the biochemicals, which ultimately make up the body weight 


*. 


an 


present in the cell. It is because different cells within the 
amount of biomolecules. Therefore, these v 


Approximate percentage of chemical composition of 


M . of organism. Following are some properties and functions of 


Table 2.1 


Molecular form 
of utilization 


Basic element of organic 
compounds, fixed during 
photosynthesis. 


Hydrogen During photosynthesis, 
used as reducing agent. 
Oxygen Use in aerobic respiration. 
Nitrogen Used in aminoacid for 
protein synthesis; nucleic 
acids, hormienes, co- 
enzymes. 
Phosphorus H, PO, . HPO, ? | Compofierit of nucleic acid, 
ATP phospholipids, co- 
enzymes NAD, NADP etc. | 
Sulphure SO, 7 Component of proteins and 0.3 


co-enzymes. 


2.1.2 Relationship between structure and function of molecules: | 
Biomolecules can be divided'into following groups according to variability in | 
their chemical structures and functions. | 


l. Proteins 
2. Carbohydrate 
3. Lipids 
4 Nucleic acids 
5 Pjugated molecules 


There is a variation found in literature about the percentage of biomolecules | 


same body have different 
alues are always taken as average value. 
a typical bacterial and a typical 


twcuambltan cell is given in table 2.2. 


s ^ es Es 
a of DMa un t i f 

` ! HJ 
such 


ater is the most abundant component in wher cell. [t's amount varies 
Mipitely from 70 to 9096. Life activities “Or cell due to the presence of 


Ó 
The ability of water to play its wide > : ‘ 

ty of roles, and the reasons foris B. v0 
tance in biological systems is dueto the | + E Ay 
Bbbnsy ofthe molecule. Tha hethemical H, — 5 
la of water is H,O which tells us that . 

^, HO 
oms of Buen: are joinedto one atom ert 

xygen to make up eac Ater molecule. Fig. 2.1 Polar covalent bond in 


a water molecule. . 

‘Water is a polar molecule, it means 
that ithasa very slightly negative end —the 
oxygen atom and a very slightly positive 
end — the hydrogen atoms. This separation 
of electrical charge is called a dipole, which 
gives the water molecule its very important 
properties. One of the most important 
properties of this charge separation Ls the 
tendency of H,0 molecule t to orni hydrog n 


3 n 
honds. " 
iütionbetween 


cu 


to this reason the KS 


: within the cell takes PR in aqueous s jlutior 
t is vitally important for the process of ee n: 
ved in water, these ions move and collide | o~ perfe m t 


» and release heat (High specifi at ca 
"heat capacity of a substance is a medsure e of the amount o 


h heat of vapourization: 


M Lt hydrogen bonding which ids the water molecules together, s 


es higher amount of heat "&ürtgy to change into vapours. It also g 


water molecules. There ie needs to lose a lot of energy to e 
ell are unlikely to freeze. 


mphc teric moles: 
volecule is teri because it acts both as an acid and a base. / 
up elect: Eu form H ion. As base, it gains electron to form OH ion s. 


—- => H «OH 


v4 
V 


LO +H * 0H — H. 0 * OH 
leo ri Mrs. 


= > Ht 0 + OH 
hs 1 ‘sat t 


oe YV the surface. ALCA f 
it a system. Therefore, water is an excellent transport and — — 


r ai yal 
iis. 
= 


ee | i ; 
ORGANIC MOLECULES 
z Gone 
ERE. Lu ts classify molecules as organic or inorganic molecules. The word 
nic originally meant that these molecules could only be syn within the 


organisms. Today, however, organic chemists can synthesize many of these 
: are E in the laboratory. Therefore, the modern definition. ganic molecule is 
odified as the molecules containing Carbon as basic eleme nded covalently with 
Hydrogen atom. Most organic molecules are large, with co 36x structure. On the other 
A .h anc inorganic molecules are those which do not con pada as basic element or 
po which hydrogen is not directly bonded with carboxas CO,, CO and H,O etc. 


P. (2343 Synthesis of large Molecules by Gondensation: 
n - — The molecules which form the structbxe'and carry out activities of the cells 
are huge and highly organised moleetries called macromolecules. These 
—macromolecules are composed of largé numbers of low molecular weight building 
___ blocks or subunits called monomers (for example amino acids). The macromers are 
Called polymers (Poly = many; mers = molecules). Macromolecules can be divided 
_ into four major categories, proteins, polysaccharides, lipids and nucleic acids. 
— Proteins are composed of subünits called amino acids; polysaccharides are composed 
"e of monosaccharides; fatty. acid and glycerol are the subunits of fats and the 


nucleotides are the s its of nucleic acid. 


, 


f 


x Macromolcerics are constructed from monomers by a process that resembles 
coupling rail c to a train. The basic structure and function of each family of 

,  macromolec very simillar in all organisms, from bacteria to human beings. Two 
|. monome gether when a hydroxyl (—OH) group is removed from one monomer 
JJ. anda hy en (—H) is removed from other monomer. The joining of two monomers 
called condensation. This type of condensation is called dehydration synthesis 


^ : se wateris removed (dehydration) and a bond is made (synthesis). Condensation 
ways takes place by proper enzyme and energy expense. 


3.2 Breaking of large Molecules by Hydrolysis: 
Another process, which is just reverse of the condensation is called. 
Steet (Hyd "0 water, lysis = breaking). A process during which polymers are 


o their subunits (monomers) by the addition of H,O is c 
ing this process a water molecule breaks intoH and OH i n 3 with 


H^ Sy NT. 

OH Hj -OH CH [Monomer}— OH 

EP D "E 
(a) Condensation (dehydration) (b) Hydrolysis ae 

y £ b = 4 yN l 
Fig. 2.3 Showing two important biological process 


_ Duringmetabolism, macromolecules are either form edor broken down in 
i» el when each cell rebuilds many of it's parts. In heter Ad organism d | 
-digestion n especially, macromolecules are broken add comers by the process of 
. hydrolysis with the help of hydrolytic enzymes and:aBàin. these monomers when 
reach to the cells form macromolecules or polymexsby the process of condensation, 
Ir trophic organism, cell produces monomers from simple inorganic molecules: 

CC HO, nitrates, sulphates etc. These.tiónomers later on assemble to form 

«x ules in Source or sink cells by — e ssofc ondensation whig the other 


2 


; es break into QUPSIDERDy the process of hy drolysis. 
| CARBON V 

Bist of living. Stic is the 

ry of carbon, pes d Organic 

try. Carbon is ique element in 

T e that it l DAN number of | 
unds whiçh vary widely in their 

adaptation. Therefore 

fpc punds are well adapted with 

ic A ent of living processes. Now, 

stion arises why only carbon does it. 

y not other elements? Carbon is a light 
nent it and has atomic number 6. It contains 4e- (electron) in its outer n 

nd requires 4 mor € (electron) to complete its outer-most shell. Foru hi 

se, it forms 4 covalent bonds with other atoms i.e. It is 


Fig. 2.4 Structure of carbon à om 


apo pum 


aterm four covalent bonds with other carbon atoms. This pro} 
A T Skeleton and the fundamental frame work of carbon around 
* molecules are constructed. Carbon containing backeaeP may be 


a ched or cyclic e.g. 
f H HoH HW 
$ «BEC 
f ae ii H—C—G0-—-G--H 
| baud 
H HOH H H 
Methane Linear 
H AO, 
| a 
ki H—C—H H } FM 
| | 
O =o lp o 
| J 
H H—C—H g — it PE 
| 
f ^C H M 
ce H KX = 
> Branched Cyclic 
i Carbon can paikea with other carbon either by single covalent bond as 
shown above or it gt orm double or triple covalent bond between two carbon atoms 
as shown below. 


Y 
"xU = bens, a H—C =c—H 


H Triple covalent bond 
Double covalent bond 
molecules: 
fica molecules can be divided into following four main classes. a 
iv) Nucleic acids 2; 


1 the importance of protein as aval m 
! ee: organic compounds having C. H, O ar 
i Pand'S also. Due tothe prese sof Nt 
r js. Proteins are the building blocks of tissue 


iving body such as hair, skin, nals and féthers are 
is egg. meat, fish, milk and pulses are the major sátirces of proi 
àmi: 10 acid as a building block of protein: JS 
.  Protei 'are macromolecules or polymers of acid monomers. 

| Qua r pesi are linked together by specialised bond/of linkage called p 
|. linkag e. Each protein has a unique sequence of a acids that gives thes niq 
ies to Molecules: Many of the chemical properties of a protein are b sec 
mical properties of it's constituent, auitno acids. There are twenty bas c 
ds s, which are commonly found in pfoteins of the living organisms ranging 
s to human being. EN | 


10 "pt are organic ur which contain at least one basic amino 


(Carboxylic grou H 
. General Sutructural formula of an irte d a e 
e Ri: Ris i the radical group, it shows the great variety of structur "seg 
te R is CH, OH and in alanine R is CH, ete, ie 


OH, + RA-6-C-on, - 


| 


. Inthis way a long chain is formed. 


l 


peptide linkage peptide linkage Peptide linkage 
Pan s d 


oN. 
Fig. 2.5 Protein chain showing linkage of amino acids by poly peptide linkage. 


=~ The proteins are polypeptides with Asúally more than 100 amino acids, but 
ome proteins are small in size having (685 number of amino acids. The sequence 
of amino acids in the peptide chain is specific for each protein and potentially 
capable of great diversity. Protein iy differ in number of peptide chain per protein 


es. N 
oN 
| Structure of Proteiris: 
r4 There are four basie-Structural levels of proteins: 
34 


Prim 


TE i) arýðtťructure: A polypeptide chain having a linear sequence of 
amino acids due gepa bonds is called Primary structure e.g. insulin. 
) E ii) Secondary Structure: When a polypeptide chain of amino acids 
become Sp coiled this structure is called Secondary structure of protein. It 
'esults in the formation of a rigid and tubular structure called helix. The hydrogen 
ind ulphi c e bonds are involved to hold the protein chain in spiral manner e.g. hairs, 
der's webs. WU 
É un : ture refers to 
Tertiary Structure: The term Tertiary struc 
nj E nt of secondary structure into the three dimensional (fold or super fold) 
acture having peptide, hydrogen, ionic and disulphide bond e.g. Lysozyme. 
3" i 


iv) — ernary Structure: The association of two or more d 
tide. | cts lagecained molecules is called quaternary —— 


^o NE 
-— 


> d 


Primary structure 
ma. 


i’ 4 
L2 1 R 


or various chemical treatments will denature a protein, causing it 


E formation and ability to function. If the denatured protein remains i 
Tia "à i t may renature when the environment is restored to normal. J 
i J iei: J4 


ARAN In da ternary structure the participating units may be similar or dissimilar, - 
ifthey have similar units called homogenous quaternary structure and if dissimilar | 
_ called heterogenous peeing structure. 


m. 


Ea 


i Titti 


. grou O “he - cre compounds having carbon, oxygen and que tm € 
ogen and oxygen are mostly found in the same ratio as in water i.e. 2:1 


are th E hited hydrated carbons. Q 
‘in rb ohydrates are found to occur in all living cells both a ding material 
is Storage substances. They are found about 196 by weig d generally called 


| Si ar or saccharides due to their sweet taste except polysagc aride. 


- The carbohydrate can be classified into follows froups on the basis of 
amber of monomers. These are Monosaccharides, Oligosaccharide and 


des. xO 


Monosaccharides (Gr; mono = One, Sakcharon = Sugar): 

ee are also called en Sugars because they can not be 
drolysed further into simpler sugars; Their general formula is C, H,, O,.. e.£ 

Glucose, SLE ctose, fructose (C, H, OY and ribose (C. H,, O,) etc. 

er All monosaccharides Sor crystalline solids with sweet taste and are 

sol able in water. 

Mpccenanaes E classified according to number of carbon atoms 
itin each molecu ey may be triose, tetrose, pentose, hexose and heptose 

ing Ma. 4, 5,6 carbon atoms respectively. Some important examples are 


Example 


Glycerose (glyceraldehyde), 
Dihydroxyacetone. 


Erythrose, Erythrulose. _ NC 
Ribose, Ribulose. | 
Glucose, poemas 
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+ ha e 
val tn f Í for differer 1 
"^h s and plants, provide energy for different 
si y rich in chemical energy. When cope M "qua 
contains over twice the energy content than carbohy e. 
nated that a person of average size contains approximately) Kg of a 
EE USE an hich takes a * long time to 
squivalent to 144000 K Cal of energy W ENS 4 
ug poy me 
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4 r 


KANS 
Acylglycerol consists of a glycerol molecule linked Aóthree fatty acids. 
sd molecule is also called a Triacylglycerol (Trigtyceride). 


^ 


Tt 're are two types of acylglycerol: ; ka 
T r wo * 
Saturated acylglycerol (Fats): They.contain satu rated fatty acidsi;e s 
ontain any double bond between.carbon atom. They are solid at ordinary 
ure, mostly found in animals, e,£ Stearin (C... H,,, O) found in beef and) 
pl eder pN T 
PAW, 
_ Unsaturated acylglycerol (Oils): They contain unsaturated fatty 
: iey contain one or more ^han one double bond between carbon atom 
irs They are liquid atordinary temperature. They are found in plant also? 
" e.g Linolin (C., Hy».9,) found in cotton seed contains linoleic acid. 


3 ; e? 


supp lipids having one molecule of fatty acid forming ester bond 
v 


a O 
vi 

I £7 

ZG 


orlong chain alcohol e.g Bee's Wax. 


EQ CH, (CH), COO (CH), cH, 1 
— Smd an Cdi coating on stems, stalks, leaves, petals, fuit 4 
E ee. “fur and feathers ete. Waxes are water repellant à 

‘a ee | 
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most important class of lipids from biological point of view. 
! riacylglycerol of an oil, except that one fatty acid is 

phate group. The phospholipid molécule consists of two ends, 
a drophillic (water loving) end (head) and hydrophobic (water 


C C RTT rs 
dir d i 
ee A 
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. Polar head Glycerol ba nil acid DES 
Nc aS = " N : ails z xs uel S 


Fig. 2.7 Structufe of Phospholipid molecule 


hi6 


M i Phospholipids are presént' in all living cells frequently associated with 
membranes and are related tq vital functions such as regulation of cell permeability 
and transport processes, Rroperties of cell membrane depend on it phospholipid 
component. The functiort of these molecules will be discussed in chapter-4 in 
connection with Soe embrane. on 


03499815886 
— DES MDCAT BY FUTURE 
4v) Terpenoids: pe | 
^d Terpe is a large and important class of lipids, built up of isoprenoid (C. 
H) inits. Steroids, Carotenoids and terpens are the important classes of it. They 
help Ipin oxidation reduction processes as terpens, some are components of essential 


ei : of li ids based only on isoprenoid unit (C, H,). Small size terpenes 
M ewe special fragrence. Some of these are usedin perfumes 
om oil of bay, Geranoil from rose, Limonene from lemon oil and 


hd y3 
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p hang 7 D IDTLAM “=? 


BE) lou al T uiui "m p- 


fthree € - J carbon rings 
en carbon ring (D). These rings 
m in fig: 2.8 with total 17 carbon 


st important steriod is Cholesterol, ccm 
ii arbre and a precursor 


number of steriods, vmm 


ror trogenes. Fig. 2.8 
rone, progesterone and estrog oe 


Bcaostetor fatty acid like carborr&pin. which are conjug 
sean 6-membered carbon ru each end. 


CO OH 
Fig. 2.9 Structiiyal formula of f -carotene 


: € compounds are ent producing red, orange, yellow, cream ar 
1 Amportant carotenoids are caroten, xanthophyll e 


r gre up off pn nted compounds are Tetrapyrrol which are pres nt 

t "n 

int part of fámiliz chlorophyll and cytochromes pigments. 

E A v 
vines physician and chemist, Friedrich Miescher isc 

nt ei of pus cells, which was quite different from c 

ndr im ned litas ‘nuclein’. Later, it was found that the nuciein| 

a E e it was renamed as nucleic acid. all 

pevent eitt - in all living things, from virus to man. ' 

r in the free-state or bound to- 

» the nuclei acids are em oth = 

is th ice em nen onere The m , 


T: SORS. 
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je WEN" | vay fte 
a opes These rings 
M 2.8 with total 17 carbon 


eni steriod is Cholesterol; 
a cel membrane and a precursor QS 


X Fig. 2.8 
/"Steroid nucleus 


fin NEP are conjugated b 
h end. 


Fig. 2.9 Bechet yormuta of B -carotene 
lese compounds are pigment producing red, orange, yellow, cream 2 


© Ean. nem important carotenoids are caroten, xanthophyll ete 


nted compounds are Tetrapyrrol which are presenta! 
chlorophyll and cytochromes pigments. 


d Swiss physician and chemist, Friedrich Miescher isole tet 
om m the | nuclei of pus cells, which was quite different from o the 


med it as ‘nuclein’. Later, it was found that the nuclein hi 
d hence it was renamed as nucleic acid. : 


' present in all living things, from virus to man. he 

oat either in the free-state or bound to proteins a 

roteins, the nucleic acids are biopolymers of high. | 
TP their sub-units (monomers). The nucleic aci ds 


4 CORE arene are 
"i Laa ESR 


i 
E _ 
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Á NEMUS " 
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Phosphc ic acid (H, PO,) 
Nitrogenous base (Organic base) 


ose sugar found in nucleotide is either Ribose (C, H,, O.) or Deoxyribose 


4 . m m in RNA nucleotides while Deoxyribose sugar found in DNA 
E not em are distinguished primarily on the basis this tose 
„ This sugar behave as basic skeleton. ~ T 


Hoi 


B osphoric acid is common in all che 
EM nucleotides. It is fached with 5th carbon 
yentose sugar in each nucleotide. ov 


ws 


. There are two basic types of nitrogenous bases'i.e. Purine and Pyrimidine. 

e includes two nitrogenous bases named Aderiine (A) and Guanine (G) while 
ineincludes three nitrogenous bases cytesine (C), thymine (T) and uracil (U). 
ucleotides differ on the basis of their-ditrogenous bases. 


A - 
ig. 2.10 The structures of purines and pyrimidines. 


takes place in two steps. At first step the nitrogenous 
gar at its first carbon to form a nucleoside. At the 
5th carbon of pentose sugar to 


| - Formation of nucleotide 
e combines with pentose su 
ond step the phosphoric acid combines with the 


la 
* 


1ucleotide: 
nucleotides are found in the nucleic acid as polynucleotide 


nd as mononucleotide 


and dinucleotide. Mononucleotides € ist 


a 


-leoti de. Itisan unsta 


ganic phosphate by capturing energy during photos nthe 
E derive energy demanding reactions such as in syn “si 
cial ids, carbohydrates, mechanical energy for cyclosis, contractility, c 
‘on, movement of flagella, active transport etc. 


. . ATP consists of Adenosine (Adenine and ribose sugar) and three phosphat 
among 


ADP < them two are energy rich phosphate bond. During conversion of ATP int 


the free energy releases which is considerable large i.e. 31.81 Kj or 7.3 K. Cal 


E A 
B) _— Dinucleotide: v 


4 M " 
Some times two nucleotides are covalently bounded together, to fo m 
. compounds are called dinucleotide. One of thewell-known dinucleotideis Nicotinamide 
adenine dinucleotide (NAD). s 


"3 
Hes 
= 


. Nicotinamide is a vitamin constituen 
phosphate of one another. 


t, Khe two nucleotides are linked by 


lectron and work with dehydrogenase enzyme. It removes two hydrogen atom ^ 
') from its substrate, bóth'electrons, but only one hydrogen ion is passed to 
ch reduces it to NADH. 


V 
Polyr ucleotide (Nucleic acids as informational macromolecules) : 


ve E Aa discussed that the nucleic acids are the polynucleotides 
jetyofrole in living organisms. Inspite ofall, the unique and premiere 
SIC acid is as repositories (store house) and transmitters of genetic 
according to specific patterns 
2 arly or develop new functions, 
as encoded in the nucleic acid. 
"imd 


ma tion is encoded in a nucleic acid mol 


1 ZU pet rss 
4 A TEAL po H é 
FX | * 


E cra int. 


ales as sequence of amino acid in protein and peptide | 
nthesis of proteins with definite sequences of amino acid and 
ounts of protein is observed as the expression of heredity of an 

generally give the physical appearance of that particular character. 


NA and RNA are basically simillar structure because both 
Eu of these are 
leotide chains but the nucleotide of both are different in following ways. ng 


i zn DNA contains deoxyribose su 
gar (C, H,, O ,) while RNA contain ribose 
sugar (C, Hio O3 in their nucleotides. 


ET ii) DNA contains Adenine, Guanine, Cytosine and Thymine containing 
E where as RNA contain Adenine, Guanine, Cytosine and wet containing 


; dii) DNA is double stranded helical structure while RNA is mainly a single 
cmm structure except rRNA. 


iv) DNA is of just one kind while RNA is ofithree kinds rRNA, tRNA and 
| mRNA (r = ribosomal, t = transfer m = messenger). 


. D) DNA as Hereditary material: 

Ba Transformation of one type of bactéria into another 
type and infection of bacteria by bacteriophage provides 
first evidence that DNA is the hereditary material. Griffith 
discovered that living bacteria can aequire genetic material 
from dead bacteria and transform live bacteria from non- 
virulent to virulent. Avery and@his colleagues show ed that 
the genes taken up living bacteria during transformation 
were composed of DNA. 


ex- 


A bacteriophage consists solely of DNA and protein. 
When it infect à bacterium, the phage injects its DNA only 
into the ba . where it directs the synthesis of more 
phages Ay and Chase thus experimentally confirmed 
" that DNA must be the genetic material. 


. . Now, anew question arises how the DNA behaves as 
jetic material? As we have discus sed earlier that DNA is 
lynucleotide chain in which nucleotides are arranged in 
cific manner. In all nucleotides of DNA, phosphate 
oxvribose sugars are always common but the 
ous bases are different. In other words, we can 
DNAhas specific sequences ofnitrogenous Fig. 2.11 
se sequences of bases in DNA can encode vast 


— 


a carter o a Information: 

yc s DNA is located in the nucleus while most of tb 

n EResus- occur in the cytoplasm under the inst won 

NA eaeares some intermediate molecules that carry informa 
oplasm. These molecules are ribonucleic acids ong RNY A's. 


| Al : 
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Transcription unit 


RNA polymerase 
DNA of gene 


Termination 
site 


- 
T. 
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es of conjugated molecules. nies 


te 1 


Glycoli; or cerebrosides: r 
are conjugate of lipids and carbohydrats also contain some nitrogenous ' 
pound Glycolipids are also called cerebrosides because i Vis important r 
onstituent of brain. Glycolipids and sulpholipids are al S9 example of 
lipids found commonly in chloroplast. ES 
v 
« 


Glycoproteins or Mucoids: 
| Glycoproteins are formed when a molecule of Sasbohyarate combine with a 
Ww" protein molecules. Most of the oligo and polysaccharides in the animals and plants 


7 , 
J ^ =< I 
kai T i. = 
` *»I1DI(d': 
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cells are linked covalently to protein molecule are called glycoproteins. It 
Taj containssmallamountof carbohydratei.eless than 4%e.g egg albumin, gonadotrophic 
hormone etc. The cell membrane also possésses some amount of glycoproteins. 


* 


TP I A 
= di) Nucleoproteins: ^C. 
EM" s These are found in the nucleus conjugated with nucleic acid. On hydrolysis 
— — ^mucleoproteins give rise to simpléproteins and nucleic acids. These are weakly acidic 
—— — and soluble in water. Os 
Wu, Lipoproteins: ^ 
EV They are con ugates of lipids and proteins. The prosthetic groups ofthese are 
eins help in the transportation of 


and cholesterol. Lipoprot 
or free fattyacid. They also occur as 


— lipids such as lec! 
È , lipid in the epee asma as low density protein 
’ | component embrane of mitochondria, endoplasmic reticulum and nucleus. The 
i slectror rt system in mitochondria appears to contain large amount o 
Wis. Lamellar lipoprotein system occur in the myelin sheath of nerves 
t and the membranes of bacteria. 
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v -— component in living cell. 

ules are polymers synthesize by the process ofcondens at ti 
pose into monomers by hydrolysis. 
! poly lymers of amino acid, most important AN e thee 


rates molecules are found as mónosaccharide, oligosaccharide and 
ride. 


re the important diverse group ‘of non-polar bio-molecules, found as 
lyc er pi (fats and oils), waxes, Bonospnotipids and terpenoids. - 


Kae 


are TS compounds derived from nucleus found "m ) 


18 basic unit of nucleic acid consist ofa molecule of pentose sugar 
nosphate and nitrogenous base. 


monont cleotide found in free state as energy rich molecule 


j eredi ary material; having specific sequence of nitrogenous bé 
e vast amount of information as genetic code. 


: lori of information from DNA to ribosome for protei 


P olecules combine together to form c 
» glyc Eas “a e: and li 


E g^ IE i à 


Sw 


| (d) 
ic n of the following statement concerning Bs fats = 


They are more common in animals than : 
They have double bonds in the carbon'phains of their fatty 
acids. « 


(c) They generally solidify at room ten aun 


(d) They have fewer fatty acid molectles per fat molecules. 
A 


_ iii) Human sex hormones are classified as: 
x (a) Protein ~“ Triglyceride 


Carbohydrate 


1 (c) Steroids E Aas Carbohydrate 
(iv) Which of these terms hc ludes all others in the list: 
(a) Nucleic acid (b) Purine 
(c) Nucleoti MA Nitrogenous base 


, TE " (v) E differe nes between one amino acid and other is found in: 
E C" Raine group (b) Carboxyl group 


+ 2 
= > d) Peptide bond. 
Ee. E. E: R-group (d) eptide bon 
M e (vi) E. acid and proteins combine to form: 
y (a) Glycoprotein (b) Glycolipid 
(c) lipoprotein (d ^ Nucleoprotein 


— (vii) The process of mRNA directed polypeptide synthesis by ribosomes is 


E called: 
CM (a) Transcription 
(^o Transforomation (d) Transportation 


(b Transpiration 
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> S everal molecules of monosacc 
ccharids and give function and 
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Va 3 
iwing questions: | 
ge amounts of energy to power tligh " u 
of organic molecules would be the n 


NN AT) 


lic activities of the cell. This in turn is 


with out metabo 
ith-out enzymes, the 


Life would not be possible 
n the Catalytic molecules call 


ed the enzymes. W 


dependent upo 
se to exist. 


dynamic, steady state of the cell would cea 
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xd 3.2.1 Mode of action: 


— Action of enzyme is related to jt’s structure which is complex and three | 
dimensional. Each enzyme has a dimple or groove of a specific shape called the 


active site. info which substrate can fit. 


(a) The active site of hexokinase. (b) Entry of glucose into the active site 
Fig. 3.2 Enzymes interact with substrates 


In order to explairtthe mode of action of enzyme, Fischer (1898) proposed 
a'Key-Lock' theory which was later improved by Paul Filder and D.D Woods. They 
proposed that a pafticular enzyme acts on a particular substrate like particular 
lock can be unlocked by.a particular key. This theory depends upon physical 


contact between substrate and enzyme molecules. 


ine active site of each enzyme has a distinct shape and distribution of charge 
which is complementary to its substrate, like lock and key, where a lock allowsvery 
few keys to fit in. Similarly enzymes allow a few complementary molecules to fit in 


and react while rejecting even fairly similar molecules. 


On the other hand, some molecules may be able to fit in the active site of an 


enzyme but do not have chemical bond upon which the enzyme can 
reaction occurs. 


act, so DO 


Koshland (1959) proposed Induce Fit Model. He stated that when à 


substrate combines with an enzyme, it induces changes in the enzyme 


structure - 
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en bles the enzyme to Perform its 


= Reactive sitas 
M Of Substractos 


"a 1 Substrates enter N 
a active site ina specific S 
Ct u » on 


orientation NS 


3. Substrates bonded at  E2$ 
reactive sites, leave enzyme; WESS. 


SE EN d uS 2. Substrates and enzyme 
enzyme ready for new set of ——— . "EE ae eu change shape, promoting 
substrates reaction between substrates 


Fig. 3.3 The cycle of enzyme-substrate interactions 


URE TYPES OF ENZYMES 

Enzymes are generally proteinaceous in nature. They may entirely consist of 
protein e.g amylase or may contain a non-protein part with protein. If an enzyme 
consists only of protein it is called simple enzyme (Proteozyme) and if it contains 
another group with proteinnt is called conjugated enzymes. Euler (1932) € 
that conjugated enzyme Showing complete activity be called Meme t 
contains two parts, the pro tein part of enzyme is called apoenzyme and the non 


protein part is called prosthetic group. 


On the basis of the nature of prosthetic group, conjugated enzymes or 


holoenzym dare of two types: | 
Ww nzymes in which prosthetic group is an inorganic ions are 
B The holes manganese, calcium and potassium on 


"Ao i T 
- known as co-factor. Role of magnes!" 
enzymes like phosphatases, phosphorylase, 


well known. 
ii) The holoenzyme 


amidase, peptidase, carboxylase are 


rocesses are | 
dn Jeadenine dinucleotide phosphate), F! 
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p ive d ’ END, 
IS AFFECTING ENZYME ACTIVITY : 


oe 


are the factors which affect the enzyme activity: 
E X . (1) Concentration of substrate (2) Temperature (3) pH 
Es A — (4) Co-enzymes, activators and inhibitors (5) Water (6) Radiation. 


. 4) Concentration of Substrate: 

| ‘a The rate of reaction increases with an increase in the concentration of 

— substrate until the available enzyme becomes saturated with substrate. Thereisng — 
increase in the enzymatic activity to a certain higherlevelofsubstrate concentration. 
At a very high concentration the substrate exerts a retarding effect upon enzyme 
action. / 


This may be due to two reasons: 
(a) Higher quantity of substrate than enzyme. 


(b) Accumulation of end product in high quantity: 


Hence, substrate and enzyme concentrationare directly proportional upto a 


certain maximum velocity after which further increase in substrate concentration 
has no effect on the rate of reaction. 


2) Effect of temperature: 
Enzymes are sensitive to temperate 

temperature for its maximum activity, above 

reaction decreases. Most of the enzymes are highly active at 


ire. Each enzyme has its optimum 
and below this temperature its rate of 
about 37?C and all are 


completely destroyed at 100°C, whereas at minimum i.e. 0°C, activity is reduced to 
minimum but enzymes are not destroyed. 
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Rate of reacti 
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to, 


0 20 re m "ums 
, (a) Temperature ((C)— 
aW |. Fig. 3.4 Graph showing effect of temperature on enzyme activity. 
D Effect of pH: 
TONS ile activity of enzyme varies considerably with pH and there is generally a 
I optimum pH for each enzyme e.g. pepsin of stomach has an optimum pH- 
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Fi *. . i 
g. 3.5 Graph showing effect of pH on enzyme activity,” 
Co-enzymes, activators and inhibitors: à 


s E action is frequently accelerated or inhibited by.the presence of other 
bstances. They have been divided into three catégories: 


i i) Co-enzymes: Ifthe prosthetic group isanorganic molecule, its is called 
renzyme. Without co-enzyme certain enzymes aré unable to function e.g. CoA, 
D FAD etc. Most vitamins are co-cenzymes ór raw materials from which co- 
mes are made. 


. di) Activators: Inorganic substances which increase the activity of 
Tenzvme are called activators. Magriesium (Mg?) is an inorganic activators for the 
enzyme phosphatase and Zinc ión (Zn?) is an activator for enzyme carbonic 
nyc ASC 
iii) Inhibitors: Substances which decrease the activity of an enzyme are 
failed inhibitors. The inhibitors may act by combining directly with the enzyme or 
ley may react with the activator therefore, activator does not remain available to 
| zy me for activatign. 
—. Some b ^» resemble the normal substrate molecule and compete for 
Imission in e active site. These mimics, called competitive inhibitors, reduce 
tivity of enzyme by blocking the substrate from entering into the pus e 
hibition is reversible, it can be overcome by ger. ma aope A pes 
" so that as active site become available, more substra 


molecules are around to gain entery to these site. 


à; tions by binding to a 

inhibitors obstruct enzymatic reac 
Bl. enr oy ae active site. This interaction causes the me 
ES oa ndering the active site unreceptive to the substrate, 
E E Me E e at catalyzing, for the conversion of substrate to 
enzyme less 


EL mpetitive inhibition, à molecule binds to an enzyme other than 


in a cell is regulated by 
jack inhibition. Feed-back 
bition is an example of a 
non biological control 
l anism called negative feed- 
E When the product is in 
- abundance, it binds competitively 
- with it's enzyme's active site; once 
the product is used up, inhibition 
is reduced and more product can 
be produced. In this way 
— concentration of the product is 
always kept within a certain range. 


The pesticides DDT and parathion are 
inhibitors of key enzymes in the 
"nervous system. Many antibiotic are 
inhibitors of specific enzyme in bacteria 
| e.g. penicillin blocks the active site of 
- | an enzyme that many bacteria use-to 
RIT "made cell-walls. These examples of 
"m enzyme inhibitors as metabolic poison 
EO: may give the impression thát enzyme 
. [inhibition generally «gbnornal and 
| harmful. 


enzyme 2 


m i 


(a) 


enzyme 3 


bas bes c- 3.7 Enzyme regulation by feedback inhibition 


Asubstrate can 
normally bind to the 
active site of an 


enzyme. 


Competitive 
inhibitor 


Acompititive inhibitor 
mimics the substrate 
andcompetes for thie 
active site. 


Anon-compilitive 
inhibitor bindes to 
the enzyme ata 
location away from 


the active site. 
Non-competitive inhibitor 


Fig. 3.6 Enzyme inhibition 


(end product) 


necessary for er “des 

minatin "Eu Mor M e rate of enzymatic 
me ac! th ease i PE ees 
ne active and germination pr eu ount of water, to some extent, 


Re C ia tion: also 
Enzymes are generall ofendi 
1 yl ina: 
j, y anc X-rays, because it To ele. = de eg AN id g 
E of protien i.e. enzyme 
v 


^ 


KEY POINTS. 


BÉ are biocatalyst, speed up chemicakreáctions because they lower down 
| e energy of activation. They can do this because they form a complex with 
their substrate(s) at the active site. .. "rd 


/ 


: p 9, 

1 Many enzymes have co-factofs or co-enzymes that help them to carryout a 
reaction. Co-enzymes Have non-protein organic molecules and are often 

— derived, at least in RV from vitamins. 

MN 


ct the yield of enzymatic reactions, such asthe concentration 


of the subs áte(s). the temperature and the pH. A high temperature or a pH 
outside eferred range for that enzyme can lead to denaturation, a change 


in AS e that prevents the enzyme from functioning. 


> Various factorsaff 


i | s to the active site of an Mee 
activator (b Allosteric inhibitor - 
'ompititive inhibitor (d) Competitive inhibitor » 


tabolic process in bacteria is directly inhibited; by tk 


SY 
ATP hydrolysis Mw 
(d) Synthesis of c ical component: 
of the cell-wall Í 
"does an enzyme increase the speed of reaction? 
By adding activation energy - 
By lowering activation energy, requirements 
By decreasing concentration of reactants 
— By increasing the concehiration of products 
allosteric site on an.efizyme is: 
The same as thé'active site 
E ATP aitaches and gives up its energy 
ed in feed-back inhibition 


i o$ $p 


: pore beyond optimum: 
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(a Feed-back inhibition 
(c) Negative-feedback 


(b) Positive-feedback 


(d) Feed-back control 


(viii) The nonprotien part of an enzyme is: 


(a) Prosthetic group (b) 
(c) Co-factor 


Co-enzyme 
(d) All of them 
(ix) The protien part of holo-enzyme is: 
(a) Ribozoyme (b) Apoenzyme 
(c) — Acylglycerol (d) Cocenevime: 


f aci +2) $e : 2 è " 
(x) Magnessium (Mg?) is an inorganic activator fomthe enzyme: 
(a) Manganase (b) Phosphatase 


(c) Carbonic anhydrase (d) Hexokinase 


2. Write detailed answers of the following questions: 
(i) What are enzymes? Classify-them and explain their role. 
(ii) Write an essay on enzymes. 
(iii) Write short notes ori: 
(a) Co-enzymes WV (b) Inhibitors (c) Mode of action of enzyme 


3. Give short answers of the following: 


(i) Give threé characters of enzyme. 
(ii) Who-proposed key and lock theory of enzyme action and how it works? 
(iii) what is the effect of substrate concentration on enzyme activity? 


4. Define the following terms: 
(i) Enzyme 
(ii) ^ Activation Energy 
(iii) ^ Allosteric inhibitor 
(iv) ^ Active site 
(v) Feedback inhibition 
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Cell is the smallest entity in which life can exist. It is the least set of chemical 


: on 
that with the help of "life" turns into a stable, living systems with the selt replicati | 


property. 


S-S . skopein-to peer rera 
n 1610 Galileo an I ch was invented by David Jansen in 


á in astronomer and physicist designed it properly. 


he term Cell 
‘Hooke (1665) ni icio ean La; Cella-hollow space) was first used by 
irown (1831) disc Is investigations on the structure of cork. Later, 
—— cores m overed a spherical body, the nucleus, in the cells of 
§ organisms have a cellular organization nae nuces 


iden 

ll oun opem (1839). Schwann, observed th é nucleus 
ME he described i the cell. His observation thus, changeéd'the definition 
E. BE. semin t e "Cell as a structure which consis s of a nucleus 

e Eua ifluid substance enclosed by a me brane". Later, it was 
ate , that the structure of a cell in animals and pios is similar with only 


d erence, that plant cell has a cell-wall in additiofr to the cell membrane. 


When Robert Hooke first discovered the cell as basic fief life in 1663, he calculated 
Over 1-billion of cells in a "cubic inch" of cork. Qffe éncounters such astonishing 
numbers contain frequently in the study of cell.blology. A new born human baby 
contain 2 trillion cells; an adult 60 trillion. Whén.yóu donate blood, you give away 5.4 
billion cells. Each day, infact, a human body 3loughs off and replaces 1 percent of its 
cells or about 600 billion. 


4.1.1 Emergence of Cell Theory: 

» In 1838, Schleiden, a Gevfaan botanist, concluded that, despite differences 
n the structure of various tissues, plants were made of cells. In 1839, a German 
pologist, T. Schwann, published a comprehensive report on the cellular basis of 
ir ima s. Both of themqpreposed the cell theory which state that: 


i) All organisms are composed of one or more cells. 
ii) peo is the structural and functional unit of life. 


ann's ideas on the origin of cell was not convincing; both 
cture, could arise from non-cellular materials. In 
thologist, had made a convincing case and added 


Sch en and Schw 
eed that cell is a ‘de novo’ stru 
5 Rudolf Virchow a German pa 
point to the cell theory. 

i) Cells can arise only by division of pre-exis 


i 


— > 


ting cell, itis nota ‘de novo’ 


revolution in the field of biology which established 


tagreat 
the result of activities and interaction of the cell units. 


Dart ism - is 


"n d 


[ ^ M yo s "u y^ E d 
Ln > - } 2 ja 2.9 d 


s x Tw «4 
| and micro-organism is dependent upon the u 
d microscope. Our knowledge of sub-cellular organisation } 
d by the development of better and more powerful microscopes, 

microscopes: | | s 
rious types of microscopes have been designed by scientist @rbordi ng 
of light following types of microscopes can be recognised. a 
UM Light microscope — inwhich visible igutiused as sour ceo 

EU | illumination. 4X 

ii) X-ray microscope E 4n which shortwave length X-rays ar 
ey used as source of illumination. 


E iii) Electron microscope — in which electron beam is used as 2 
š source of illumination. 


olution Vs Magnification: 


"Three attributes of microscopes are of particular importance, these art 
ication, resolution and contrast. Magnification is a means of increasing 
mnt size of the object. With alight microscope a specimen could quite easily 
by as much as 10,000x. Magnification of a microscope is calculated 
s the power of isoye pieces with its magnifying power of its objective. 


lution or more correctly the minimum resolved distance, is the capacity 
' a. or object. Contrast is important in distinguishing one 
nother: light microscopes contrast is often obtained by fixing an 


ification can be obtained by ordinary light microsce oe b 


-enough for viewing some of the smaller sub-cellular structu 
ch shorter wavelength than visible light, electron micr cQ 


ts of Cell 


‘heir c 


: p (flui 
igation ata higher speed u 

n 
various cell fractions can then T 


NY. 


15,000g 
5 min 


Nuclei in Mitochondria Ribosomes and 
sediment ånd lysosomes endoplasmic reticulum in portion of 
in sediment sediment cytoplasm 


Fig. 4.1 Isolation of components of cell by means of centrifugation. 


4.1.4 Eukaryotes and Prokaryotes: 

Eukaryotes are those organisms having a true nucleus (Eu-true, 
karyon-nucleus) in their cells. They also contain chromosomes and a variety of 
membrane botind organelles like mitochondria, Golgi apparatus, lysosomes, plastids 
B iin thei 'eélls, which contribute structural and functional organisation to the 
cells nay be unicellular or multicellular organisms. On the other hand 
pro : otes (Pro-early. karyon-nucleus) are those organisms which do not ppm 
men d nucleus in their cells, their nucleic material is usually coiled an 
E cem f the cell called the nucleoid. More over genetic material 
Bnmatedinares i en and hence no true chromosome. These 
tain other membrane bounded structures like, 
etc. intheircells. They only contain mesosomes, 
mbrane responsible for respiration, 
icellular organisms like bacteria 


_ (DNA) never associated with histone proti 


Organisms also do not con 
"mitochondria, chloroplast, lysosome: 
c infoldings of the Plasma me 
fixation etc. They are un 


l. Plasma memb 

2. Nucleus. Tn 

3. Cytoplasm a 

4. Cell Wall. nd Cytoplasmic Organelles. 


4.2.1 Plasma membrane: 


All cells are enclosed in a 
1 membrane that serves as their outer 
boundary, separating the cytoplasm °° 
from the external environment. This 
membrane is known as the plasma 
membrane. It allows the cell to take 
upand retain certain substances while 
excluding others. 


All biological membranes have 
the same basic molecular 
organization. They consist ofa double 
layer (bilayer) of phospholipids Lipias 
interspersed with proteins. (non-polar end) 


Polar end 


| The phospholipid niolecules in 
the plasma membrane<are arranged 
intwo parallel layers, Their non-polar 
hydrophobic ends face each other, 


| ir6ol drophillic ends i 
whereas ES. p otein etc. Plasma membrane also contains 


ar i with carbohydrate, pr ; 
nd associgt roads like dii stu In certain animal cells cholesterol may 
Several types o! tp e lipid molecules in plasma membrane. It is absent 


cor rcentofth : 

17 NE. membrane of most plant and bacterial cells. 

n rties and functions: 

Wet: ; acteristics, prope 

Fluid Mosaic Model; henge on proposed a working model of plasma membrane 
‘In 1972 Singer an 1. In the fluid mosaic model, the lipid bilayer is retained 

as fluid mosaic mode". ules are present ina fluid state apable 


e lipid molec 
PAET membrane. ty uim the membrane. 


ating and moving la 


Fig. 4.3 The lipid bilayer 
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4$- Oligosaccharide hee Gi. s 2 
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Integral protein 


Glycolipid 
Hydrophobic 
a helix 
Protein 


\ a 


; 3 
Phospholipid 


Cholestero 


Fig4.4 The structure of the plasma membrane 


The structure and arrangement of membrane proteins in the fluid-mosait 
model are like icébergs in the sea. The proteins occur as a ‘mosaic’ of discontinuous 
particles that penetrate deeply into and even completely through the lipid sheet. The - 
components of plasma membrane are mobile and capable of coming together tot 
engage in various types of transient or semipermanent interaction. 


| a) Integral proteins (intrinsic proteins): A class of proteins that 4 
directly incorporated within the lipid bilayer. Some of these proteins are believed © 
provide a channel through which water-soluble substances, such as ions, can pa* 
back and forth between the extracellular and intracellular compartment. 


yer on alo proteina): A class of protein located 
extracellular or cytoplasmic 
membrane surface, 


.. These proteins which 
iglycoproteins) side chains, "m tee lipid lipoprotein) or carbohydrate 


The plas i 
Biportant Bacci iiis several functions but the main and the most 
and material in an out of the ac i cytoplasm, to regulate. the flow of solutions 
inflowacross ilie mem} 1 certain limitation. These limitations or check 
s ‘norane is called differential or selective permeability. Transport 
across mem ranes is necessary to maintain suitable pH, ionic concentration for 
enzyme activity and excrete toxic substances etc. For enfry or exit there are two main 
processes, passive transport i.e. diffusion and osmosis and active transport, the 
passive processes do not require energy while active require energy with these, there 
are two other phenonmenon i.e. endocytosis.and exocytosis. Definition of diffusion 
and osmosis is discussed in chapter 14. 


i) Diffusion: It occurs spontaneously, and no extra energy is required to bring 
itabout. A few substances freely diffuse-across plasma membrane e.g. the respiratory 
gases (O, and CO,) diffuse in and eüt óf the cells. 


ii) Osmosis: It maintains a balance between the osmotic pressure of the 
intracellular fluid and that of interstitial fluid, know as Osmoregulation. 


iii) Active transport: Movement of molecules from lower concentration to 
the higher concentration by consuming energy called active transport. 
Plasma membrane Vesicle Plasma membrane 


Substance 


Step 1 Step 2 Step 3 Step 4 
Fig. 4.5-b Stages of exocytosis 
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* au 
Exocytosis: The process of membrane fusion and the moveme 
ut of a cell is called exocytosis. 
Q 
v 


E N 
yd sÈ 
Wall is the non-living component of cell. Itis secretedanid maintained} 
n of cell called protoplasm. The chief structural component of plant cel 
ulose, a polysaccharide. In addition to cellulos€ pectin and a few other 
3 may also be found in cell-wall. C^ 7 


A aw 


E 


- AN 


ant cell-wall can be differentiated into three layers, (i) middle lamella (ii) 
(1.3 um thick and elastic) (iii) secondary wall (5-10 um thick and rigid). 


4 í j ; Middle lamella 
lose the main constituent of Prifnary wall Simple pit 


ire of paper. It is also the | ~\~/ 
“component of many other" 
hold goods. The seed haits |" 
Cotton plant (Gossypium[aré- 
ost pure cellulose ap 
ural twist make therr easy to 
i j textiles 


clothes to curtains. 
ect: < 
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"a 


| y wall contains hemicell 61 
Ed. pal moun percent, cellulose up to 25 
wich cellulose mi oo Sub p 


| ach successive layer lie at diff posits in the form of fibres. The cellulose fibres of 

: i angles, increasing the strength of the cell-wall. 
, the deposition of wall material does nottake place, 
modesmata (Singular-plasmodesma) through which 
ring cells remain in communication with each other. 


Functions of cell-wall: on 


s dennis E important functions, firstly it provides a mechanical support 
an E pemes ape and protection to the cell. It aet$tike a skeletal frame work 
ofp , cem in pase ular plants the cell walls provide the major supporting 
A frame work. Secondly, being hydrophilic in natufe it is capable of imbibing water 
and thus helps in the movement of water and salütes towards protoplasm i.e. Cell 

‘wall acts as permeable structure. 


—— EE nucievs 

or: Nucleus was discovered by Robert Brown in 1831. It is the most important 
| and prominent part of the cell which controls all its activities. It is commonly 
€T spherical or oval in shape, but £nay be lobed or elongated and is surrounded by a 

— membrane called nuclear 
— membrane. It is double- 
—membraned structure: 
— Usually cells have one, 
some have two og more 
nuclei. Some »small 
Organisms have’ several 
Small nuclei per cell 
(coenocytic). The nuclear 

Dnbrane is not a 
nplete barrier. It is 


Nuclear pore === 


Chromatin 


eusand Outer membrane 
ng cell Fig. 4.7 Structure of nucleus and its components. 
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Nucleus is filled with a protein rich substance called the Nucleoplas 
olymph. In the nucleoplasm are numerous fine strands in the form , 
rk called chromatin net work or nuclear reticulum, which is compos, : 

cleic acid, Deoxyribo-nucleic acid (DNA) and protein. During cell division. 
chromatin changes to form chromosomes. Chromosomes contain the hereditary 
units called genes that carry the hereditary information from generation ta 


En. The chromosomes vary in number from species to species, e.g. 8 in 

€ fruitfully, 46 in humans, 20 in corn etc. Chromosomes are elongated structure, 
visible during cell-division. A typical chromosome is composed of two parts the 
arm and centromere. Before cell division each chromosome consists of two threads 
called chromatids. These two chromatids are joined by centromere. Each 
chromatid has one DNA molecule. The part of chromatids from centromere to end 


P 


of centromere. These types are: 
(i) Metacentric: Chromosome with equal arms. 
(ii) —Sub-metacentric: Chromosome with unequal arms. 


(iii) Acrocentric or Subtelocentric:. Rod like Chromosome with one 


arm very small and the other very\long. The centromere is 
subterminal. 


(iv)  Telocentric: Location of centromere at the end of chromosome. 


Highly coiled 


Ry 
SAP —— chromatin of one 
ON chromatid 
Acrocentric 
. Metacentric 
i N IN Kinetechore ~~~ Centromere 
: Sub-metac ntric 
Telocentric > 


Ka 


: Sister chromatids 
Fig. 4.8 (a) e of chromosomes Fig. 4.8 (b) Structure of chromosome 
| Also, within the nucleus is a spherical bod 
. be more than one nucleoli in one nucleus. Th 
of cells. It disappears during cell division 
olus is believed to play an important rol 
| and ribosome in Eukaryotic cells. 


y called nucleolus. There may 
€ number varies in different kinds 


and reappears afterwards. The — 
€ in the synthesis of ribonucleic — 


| 
is called arm. The chromosomes are of different types, depending orrthe position — 


E 


Ob ervations un ; 
| der electron microscope, however, reveal thateytoplasm is 


P E. ET d It contains many different kinds of minuteorganelles and 
: E ny ti aments, the microfibrils that form a so skeleton, giving 
i E. ay E unicellular organisms in Ker Many of the 
| individual molecules ofthe cytopl ue th 

ie cytoskeleton. is Ce CT ETT NE 


7, 

» X p 
(^ 
A s 


1 A variety of cytoplasmic organelles are present in cells, majority of them are 
membrane bound. 


Endoplasmic Reticulum: 

The electron microscope reveals-à complex network of channels, the 

endoplasmic reticulum (ER) which extends from plasma membrane to the nuclear 

ibrane. It is an elaborate, tubeTike system of lipoprotein. There are two types of 
plasmic reticulum: (a) Agranulated or Smooth endoplasmic reticulum (SER) 

b) Rough or granulated'éndoplasmic reticulum (RER). Smooth endoplasmic 
culum is not associated with ribosomes. Itis found in steroid producing cells like 
y ose cells (fat cells), interstitial cells, glycogen storing cells (liver) and the muscle 
Rough or granular endoplasmic reticulum (RER), is heavily coated with 
mes on its-outer surface towards cytoplasmic surface. Rough ER, occurs 
‘in prote ynthesising cells. Such as those of the mammalian salivary glands 
cre though most cells contain both rough and smooth ER but they vary 


i cell to cell. 


} 
Smooth E.R. in the skin co 


ever sunlight strike 


nverts cholesterol into the lipid compound called vitamin 
s the skin; this vitamin helps to maintain strong, healthy 
lorih African women of Bedouin tribe, who wear dark, full length garment get 


re to sun light and thus the smooth E.R. in their skin cells cannot 


As a result, these women sometimes develop soft, weak bones. 


í ; Of 
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Bikes an active part by means of attached enzymes. ER also provide condu a 
pathways for import—export and intracellular circulation of various cea "E 
also provides passage for Ribonucleic acid (RNA) to pass from the nucleus to vario 


also helps in detoxification of harmful drugs, storage and release of Ca* ions a o 
manufacture lipids. 


Ribosomes on cytosol 
side of membrane 


"--* 


Ribosomes absent 


Cistemae (b):Smooth endoplasmic reticulum 


(a) Rough endoplasmic reticulum lacks ribosomes 


Fig. 4.9 Endoplasmic reticulum 


(íi) Mitochondria: 


Mitochondria or Chondriosomes 
areuniversally presentin the cytoplasm 
of animals and plants. They appear as 
minute granules, vesicles; .rodlets, 
threads or strings depending upon 
physiological conditions\of the cells. 
They are seen to be imconstant motion 
in living cells Mitochondria are the 
centre of aerobic respiration. 


v 


Each: mitochondrion is 
approximately about 0.2 to 1.0 nm in 
diameter and about 10 um long. There 
are two thin membranes which form 
the boundary of the mitochondrion. 
Bout ro membranes are formed of lipids 


'£ | -, incomplete partitions 
r "istae. The interior of the 
adrion contains fluid like 


sphate (ATP) 
r various a 


. Mitochondria have a semi-aut 
| DNA that directs production of s 
de in half and thus reproduce i 


onomous existence in the cell; they have their 
ome of their component prote d they can 
ndependently of the cell's no cell-division 


Surprisingly, mitochondria are passedto an animalonly by moth Since mitochondri 
are present in eggs but not in the part of the sperm that enters Ke egg. Thus, people 


can trace their mitochondria back to their moth n 
ers, rand others, great grand 
mother etc. E ) As 


Golgi apparatus (Dictyosome) : 

The Golgi apparatus, like the endoplasmic reticulum, is a canalicular system 
vith sacs, but unlike the endoplasmic retítilum it has parallel arranged, flattened, 
membrane bound vesicles which lack xibosomes. After the name of its discoverer 
3olgi. it was named as Golgi-body. The Golgi complex of the plants and lower 
sbrates cells is usually referred as dictyosome. 


gi complex of animal cells basically have 


iped and consists of central, flattened, 
cis face 


The Golgi bodies ofplant cells and Gol 
same morphology. Eaclro! them is disc-she 


(receiving side of golgi apparatus) 
Transport vesicle 


from ER 
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+ iub ~ te compartments called cisternae, peripheral network of Inter connec 
gs ve ules and peripherally occuring vesicles and Golgian vacuoles. - 
l yd Usually in animal cells single Golgi apparatus is found in each cell, K ye 

cell, they may be more. Golgi apparatus are especially prominent in glandular celi 
The products of E.R. are modified and stored, and then sent to other destination, 


They perform the function of collection, packaging and distribution * 
addition to its finishing work, the Golgi apparatus manufacture cerra 
macromolecules by itself. Many polysaccharides secreted by cells, like cell-wall apa" 
cell plate material in plant cell arc Golgi products. 


gt N 
"dii. 


(iv) Lys osomes: Plasma SOY’ 

These are spherical "ene de Digestion | Autophagy 
bodies, a few micrometer in y | ~ (lysosome | 
diameter, surrounded by a / | | engulfing | 
single membrane, originated Food vacuole y. Mae “ond 
by Golgi apparatus and | FIP Lysosome uv organelle) 
containing digestive enzymes. Phagocytosis | 4 P d 
They occur only in the | v X 
cytoplasm of animal cells, and | Golgi 
function in the digestion of apparatus 

) material taken into the cell by f 


phagocytosis, as bacteria are 
ingested by white blood 
corpuscles. Normally they 
function as destroyers of 
foreign particles and worn out 
cellular components. Whenthe 
membrane of lysosomes is 
ruptured, the cell undergoes 


chemical breakdawn:; or lysis. ; } | 
N Fig. 4.12 Format : 

Since release ithe enzymes, g ormation and function of lysosomes | 

cause a cell troy itself by digesting its own proteins, lysosomes have been referred 


} 


as “su acs” and this process is called autophagy. [ 


Lysosomal storage diseases: 
Disturbance in lysosome function has profound effects on human health. In 

P 1965 W.G.Hers of Belgium explained how the absence of apparently unimportant 
" lysosomal enzyme, «-glucosidase, could lead to the storage of undigested glycogen 
iccumulate in lysosome causing swelling of the organelles and irreversible dé 
cells and tissues. Diseases of this type, characterized by the deficienc 
nal enzyme and the corresponding accumulation of undergraded su 
| lysosomal storage disorder, over 30 disorders have been reported, 
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a - ES. Consequences 
[. Tav- sea - 
u j E md Pci M blindness, death by age 3. 
he | Spleen enl 
* Us "es enlargement, erosion of long 


tal retardation in infantile form only. 


. Krabbe's disease E i 
Kra Loss of myelin, mental retardation, death by age 2. 


| (y) Plastids: 


E o" dem protoplasmic double membrane bound ibanelles which 
Eb t " seta synthesizers and storage bodies. Plastid$'occur in greatest 
number in cells of plants and in the primitive single celled organisms, the Protoctists. 


There are three types of plastids e.g. Chloroplast, Chromoplast and Leucoplast. 


| i Chloroplast (Gr: Chloro-green, Plast=living): The most common 

I type of plastid is chloroplast containing chloroplyll which gives plant their green 

.. colour and is of great importance in the manufacture of food by the process of 
photosynthesis. 


Chloroplasts contain a substaritial amount of DNA and are capable of 
- programming synthesis of some other. hew structural components. It has its own 
DNA and RNA. 


ii) Chromoplast (Gt:Chroma=colour, Plast=living): They have pigments 
like xanthophyll, and carotéde. The chromoplasts are responsible for the various 
colour combinations fouridin flowers, fruits and other coloured parts except green. 


-white): These are colourless plastids which 
are thus commonly found in all under- ground 
food material as carbohydrates, lipids and 


| iii) Leucoplást (Gr: Leuco 
develop in the absence ofsunlight and 
parts of the plánt$. They store the 
proteins. cx 


astids: Proplasti 
of meristematic tissues. The 
stroma. They multiply by division. 
_ or chromoplast or leucoplast. 
Qc ing Organelles: 
Rs tests as oe pu and e of energy converting organelles, 


A typical plant cell has e$ bu Be win 
a E an ability to convert solar energy (lig en ih es 


thesis, therefore c 
the process of photosyn | 
yr See Chloroplasts belong toa group of double-membrane bound orgenelles 


» ntain chlorophyll and its associated proteins. 


ds are immature, colourless plastids occuring in cells 
y consist of double membrane enclosing granular 
In mature cells proplastids developinto chloroplast 


| ~~ Inside the chloroplast other membranous system, arranged into flattens 


Ne lj 
called thylokoids. In some regions thylokoids are stacked forming structure ea) 
grana (sing: granum). The fluid outside the thylokoid called stroma. Ws 


E 


Lamella 
i One lamella (viU 
7d Inter-granal lamella 
IN Granum as sp 
tissu 
| gram 
| [e] ow - 
Starch j —(  ) i 
granules 
x. ll S fibre 
: Inter-granaj cyto 
\ o e ! i region of 
: chloroplast 


Granal membrane 


E / Quantasome cm 


| inte 
Inter-granal lameltla | wit 
| ^ 
Double membrane bounding chloróplast ! inc 
Fig. 4.13 The-site of photosynthesis in a plant | mọ 


During photosynthesis; chlorophyll captures the energy of sunlight andi 
transfers it to other molecules in the thylakoid membranes. These molecules in 
turn transfer the energy«to ATP and other energy-carrier molecules. The energy 
carriers diffuse into stroma, where their energy is used to derive the synthesis. 


10 
mi 
of sugar from carbort-dioxide. Due to this movement of energy from one form to lik 
another, chloroplast is an energy converting organelle. in 
in 

ne 


- 
(vi) me: 
. Peroxisome are single membrane 
bounded microbodies that contain enzymes 
for transferring hydrogen atom to oxygen, 
forming hydrogen peroxide (H,O,), a toxic 
molecule that is immediately broken down 


5 ee 


€ 
t 


ant in cells that are metabolizing 
eroxisome are believed to help in donem 
alcohol. They arefound in —  ' J<  Perwsomos 


Fig. 4.14 Peroxisome in a tobacco le& 


some: 


4 : mte found in plants only which are also consider 
Eu iayoxyeome ha glyoxysomes. They are found in the fat storing 
ET ^ Sa single layered bounding membrane enclosing a fine 
— yoxysome contain enzymes that initiate the conversion of fatty 
o sugar. Q 


E i toskeleton: The cytosol is organised into a three dime Yal network of 
jous pr oteins called cytoskeleton. It plays fundamental roles in mitosis, meiosis, 
kinesis, cell-wall deposition, the maintenance ofcell-shape and cell differentiation. 


~ There are three types of cytoskeleton elements found in cells. 


a) Microfilaments are solid strand of about 7 nm in diameter and several 
in length especially in muscle cells. They áre consists of two actin chain that 
nne in a helical fashion, some microfilaments also contain myosin protein 
f actin. They perform function of muscle contraction, changes in cell shape, 


E. 
ds 


ing division of cytoplasmic irf.dividing animal cells, cytoplasmic streaming 
movement of pseudopodia. 


MJ b) Intermediate filaments are solid strands of 8 to 11 nm in diameter, 
1 xy s : * LI 

19.100 um in length. They are intermediate in between microtubules and 

TO e p of atleast five different types of protein, form rope 


aments. They< é madeu 
| the other two types of cytoskeleton elements, 


er of fibrous protein. Unlike 
liate ents do not assemble and disassemble. Therefore, they are 


b nt in maintaining the shape of cell, attachment of muscle cells, support of 
ell processes (axon). 


7 ter of 25 nm, may 
Micro hollow tubes with an outer diame 
aaa tein, tublulin. A single micro 


an 50 umin length. They are composed of pro 
I eds of thousands of tubulin sub 
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livision, of organelles within cylpls 
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Fig.4.15 Three dimensional structure of cell. Showing distribution of 
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cytoskeleton and structure of micro tubules and micro filament. 


These are so named because they contain high concentration of Ribonu : ei ‘ 


Large 
sub-unit 


He 


& Ribosome 


Receptor protein 


\ Transport 


Vesicle formation vesicie 


H - 
MEE ae 
. 


> 
E Small sub-unit EM A a 
a 

Fig. 4.16 Structure of ribosomes and attachment-of ribosome with ER. 


d Each ribosome consists of two unequal subiíhils. The larger subunit is dome- 
shaped and smaller one forms a cap on the flat surface of larger subunit. Some 
ibosomes adhere themselves to endoplasmit reticulum by the larger subunits. 


allest organelles, they are among the 
tions reveal that the ribosomes are 
are transferred to the cytoplasm 


Although ribosomes are among the sm 
nost vital cellular components. Recerít Investig 
manufactured in the nucleolus from/where they 
hrough nucleopores. 


Centriole: 

In animal cell, mié¢rotubules ra 
the nucleus, Galled centrosome 

iro = nucleus»Soma = body). Within 

he centroso of an animal cell is a pair , one deco 
e entrioles are short; barrel 


‘centriole 
aped structures of microtubules, lying 
ther. Each 


rpendicular to one ano 
triole is composed of nine sets of 
et microtubules arranged in a ring. 
en a cell divides, the centrioles 
cate, move to opposite side of the cell 
ad like fibres begin to radiate | 
EE directions called Fig. 4.17 Structure af centros mut 
in all : with two cylinders of cen e. 


diate from a microtubule organizing centre 


MEE 


‘me allows certalir 
e temporarily formed at the 

əs of plant cells. They are more prominent in r 
ent in immature cells. The vacuoles in plant cells are fil 
tore house, which often plays role in plant defence. 
tcellenlargement. In animal cells, lysosomes are rich in h 
acluding proteases, ribonucleases and glycosidases. Plant vaci 
+t as lysosome as they contain hydrolytic enzymes and after dez 
lose its differential permeability and its enzyme cause h 


Cell-wall 


Chloroplast N SS a ^ z AR A Kt i i 
EX. & 


- $e Fig. 4.18 Plant cell vacuole. 


Pe is an instrumen | 
E | t to observe very small objects, : 


- se the resolution of object. beam às a source of illimination to - 


i ctionation is the i | 
inning the cell. solation of cellular component by A ss and 


mere are two types of cells on the b the stru 
j asis of 
prokaryotic and eukaryotic. — cture il their -— 


s 


cytoplasm from wié external environment is 
membrane. AÒ“ 


The membrane which separate 
called cell-membrane or plasma 


Singer and Nicholson 


, proposed working rhoel of plasma membrane called 
fluid mosaic model. oe 


H^ af 


There are two components of plaspta rnembrane, phospholipid and proteins. 
T Glycolipids and glycoproteins aretirivolved in making the cell specific. 


—Important functions of cell niembrane are protection of protoplasm and 
regulation of flow of soNttes and material across it, due to its selective 
permeability. Ca 


"lant cell has no M part, made of mainly cellulose called cell-wall. 


Nx cleus is a.ceniral and controlling part of the cell. 
i. j vex thread like structure called chromosomes, their number are 


i is f | Ay the cells of specific species. 
m smic organelles are complex network of channels extend from plasma 
tm LE to nuclear membrane. 
bran 
i rat a canalicular sys 


" - " i J = es. 
"S bat. 
T > SOUT C 
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n | hydrogen peroxide (H,O,). 


xlyoxysor ne another type of microbodies responsible for conversion of mi molec 
atty acid into sugar. 


La". 


N rk of fibrous protein give three dimensional — 
rtoskeleton. : 


TUM me may be regarded as 'protein factories' made upghiio unit, largea 
‘ ^t A * à P MA 


triole are the dark bodies appear near nucleu before cell-division in anim 
4 Ta low plant's cell. "o 
_ Vacuoles are non-protoplasmic liquid als pavities surrounded by tonoplast. 


eee 
© EXERCISE > 


> the correéh choice: 
(i) SON id molecule has a head and 2 tails. The tails are found: 
e" 
e 


the surface of membrane 


E Mis) x in the interior of the membrane 


both at the surfaces and the interior of membrane 


ay JSOMeES in: 


E (a) protein synthesis (b ^ processing ging 
— (€  intracellulardigestion (a) lipid syn = 


Which organelle releases oxygen: NN 
(à ribosome (b) Dae ose 
(c) mitochondria (d) e tforoplasts 
(vi) The protein presents in microtubt | 
(a) actin GS tubulin 
(c) keratin Qe 2 (d) myosin 


» (ii) Characteristics associg(óds with peroxisome only: 


(a) membrane bind cell organelles 
(D having side membrane OL 
(c) foun ly in eukaryotic cells 


(d) cu nenzymes for transferring H atoms to oxygen form H, O, 


~er storage disease resulting in blindness 


k ii me li rasta (b) Gaucher's 
| | (d) none of them 
bbe 5 
N with eq a are 
cia (b) sub-metacentric 
je acrocentric (d)  telocentric 


E s. lid material is c: 
OT a es oe dete = 
ial jm phagocytosis 
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of the (wo organelles are involved in cellular energetica 
m are found in plants in animals? 4 


hat is cytoskeleton? Describe the types and function of cý tòskelel 


r S iori answers of the following questions: ^ ! 
i What is function of nucleolus? Where is it locatii it a permanen 
i — Structure? ^ | 
_ Which organelle is considered the pu e of lysosome in plar an 
pe cells? Why? NJ 5 


Why ribosomes are called protein facithiés and lysosome are suicide. 
sacs? 


What type of cells contain more: dota bodies and why? 
What are the three principles of cell theory? 


guish between the f Meine: 
Cell-wall and cell-me 
Osmosis and diff 


brane 


plastids. 
eukaryotic cell. 
plant cell. 
e and vacuole. 
fhe following terms: 
3 (ii) Protoplasm 
micreticulum (v) Golgi bodies 
E (viii) Plastids 
(xi) e NO 


É eae hae vius. 
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-sanisms through various lineages 
Lif i i . earliest organisms through various 
eis a continuum extending from the e f 


to the great variety of forms alive today. In section III we will study the diversity of 
| reat varie 


tion of this diversity over 3.8 billion years of history. 


E 


E life today and trace the evolu 
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The drawing that opens this chapter dramatizes a remarkable event; the genetic 
take over of a cell by a virus. In this case, the cell is the bacterium E. coli and the 


virus, looking something like a miniature lunar landing craft, is the bacteriophage 
T,. The phage is infecting the cell by injecting its DNA. 
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| -livin to most highly ne" from vi 
e unicellular organisms With or ard compl 
out c 
ESI CLASSIFICATION 


It is also called tax 
E onom 
acd as techniques of describi (Gr. Taxis - arrangement, Nomos - law) may be 
"n 


of the similarities and disaimuiatnee and classifying living organisms on the 


1.1 N 
6.1.1 Needs and Bases of Biological Classification: ©) 


Early in human hi 
story it 
were poisonous, which ME pka found useful to knowin advahée, which Plants 


| dange 
and so on. It was e dangerous, which were goed t 
c care se le hing i be ta 
recognizable distinct groups. y wien they could einn 


The organi j j 
* E ns E i aue or sorted into different groups on the basis 
chara . Now the question arises “what is a taxonomic character"? 
Acharacter can be defined as: any attribute or descriptive phrase, referring to form 
structure or behaviour of a specific ofganism for a particular purpose, thus 
character is any thing or any feature whose expression can be measured or other- 
wise assessed. Taxonomist mostly;deals with the expressions of the character. 


For example, “Petal length" may be considered as a character; but “Petal 
length 12 mm" is an expression of that character. 


“Corolla colour"nay be considered as a character, but "Corolla colour 
white" is an expressiorbof that character. 


The living. organisms are classified on the bases of homology, comparative 
biochemistry, €ytology and genetics. 


i) Homology: 
| dina particular group all have many fundamental 
The living organisms placedinap g any ie 


similari tructure. It is not always easy to recog 
E carct ag ale is used for swimming, the wing ofa 


: fa wh 
similarities. At first sight, the flipper o t 
. bat for flight forelimb of cat for walking and the arm of pr oe pe 
M seem to Dave much in common, yet if one € sae? niger (Fig. 5.1). The 
bones and muscles — it can pe seen that these are very much in š ie p — 
flip b and arm are all built on the same pattern. During lar sd 
NE Ee wing. ver n modified from the basic pattern to serve à pate een / 
E E function, due to its adaptation to different enviro | 


nre RPRCTORS-UOUSERE m 7" 


F^ ere once controlled by the same genes. Structures that are similar berets | 
. common origin but may differ functionally are said to be Wee 


principally the homologous structure that one consider in grouping anima T 
classification scheme. i 


Fig. 5.1 Homologous bones in the 
forelimbs: the flipper of 
a whale, the arm of a 
man, and forelimb the 
wing of a bat and of a 
cat. The skeletons of 
these and other 
vertebrates have many 
homologous bones 
throughout the body. 


Figure 5.1 should not be misconstrued to mean that homology refers to gross 
structures alone. Nowadays cellular;structures, especially chromosome number 
and type, are considered, too. Then there are physiological homologies, and even 
biochemical homolgies. Structure and functions are always closely related. 


ii) Biochemistry (Chemical Constitution): 


Sometimes it is impossible to classify organisms using morphological 
criteria, so one resorts-to comparing the chemical substances which they contain. 


This is particularly useful when classifying organisms like bacteria which 
may all look : and have an identical cellular structure. Using techniques such 
as chromatography and electrophoresis, it is possible to compare the amino aci 
sequence in the proteins of different organisms, or the order of bases in their DV 
This is useful not only in classifying organisms, but is indispensible when trying! 
establish evolutionary relationships. 


Other characteristics used in classifying organisms include ts 
ceri m reactions, the types of symbionts with which they may ass 


Moss structure is a convenient basis for classification, sor 
tures pee to be used. For oxampl, studies with en 


S cc YO 


scopic structure can be 
number of E aie vera i at the generic and species levels too. F 
rs, Bhi the suutece ow ERE entomologists to classify ME 
ESirelectro of seeds and pollen grains as revealed | 
ed, this (0 aineena can be used in classifying fowering plants 
errare identical show delicate differences between speci i 
d. cal in many other respect. NI EET 


E o 

pA em i l 

: orphological biochemical properties and cytologi aracters of 
e the main tool 


livid i 

i E E a species depend upon its genetic constitution. 
E. oa p organisms is genetics. As mentioned abov the relevant base 
an important tool for classifying organisms 


y & C 

.1.2 Concept of Species and Hierarchy of Biological Classification: 

E The basic unit of biological classification is the'species. “Aspecies is a group 
. rganisms which have numerous physical features in common and which are 

capable of interbreeding and prodyeing viable fertile offspring". Nowadays, 

shemical, ecological and life cycle features are included with other physical 


aracteristics in helping to classify species. 


3 Closely related species are grouped together into genera (singular: genus). 
Genera are grouped into families, families into orders, orders into classes, classes 
into phyla (singular: phylum} and phyla into kingdoms. (When classifying plants 
bacteria the term ‘division’ is sometimes used instead of phylum. Intermediate 
sories are sometimes used: for example, a sub-phylum may be inserted 
sub-classes between class and order and so on. 


between phylum pd, clase. and 
tion of Wheat Classification of House Fly 


Class 
Kingdom —— Animalia 


m —— Plantae 
Phylum —— Arthropoda 


. Division —— Tracheophyta 


p" ‘Class E. Monocotyledonae Class — Insecta 
| — Order — Poales Order —— Diptera 
» f E jily —— Poaceae Family —— Muscidae 
Genus —— Musca 
Species —— Musca domestica 


: Table 5.1 Classification of three well known " i » 


rank example S T 
Kingdom Plantae ie Animalia 
Phylum Angiospermaphyta | Chordata m 
Class Dicotyledoneae _{/Oligochaeta 


- 


Order Ranales AÒ] Terricolae 

c ' 
Family RanuculaGaó Lumbricidae Hominidae 
Genus Rapufcülus Lumbricus Homo 


Species ahünculus acris | Terrestris Homo sé 


Common name.) Meadow buttercup Earthworm human 


s of representing the taxonomic hierachy: (A) box- 
dendrogram. 


ial Nomenclature. 


1.3 Two EL DL aimes pepe of Classification, including five 
E. S by Robert Wh ] 
: doe fig ittaker (1969). Margulis and 


Es E s ones decision to make in e" ow to divide living 
Previously organisms were divided i j Se i i 

^v ed into two kingdoms: the animal-kingdom, 

which contained mainly motile organisms which are heterotrophic, lacking both 

lorophyll and cell wall and the plant kingdom whieh contained mainly organisms, 

lich are autotrophic having cell wall withr without chlorophyll. Unicellular 
otrophs (protozoa) were put in the animal kingdom, and unicellular autotrophs 
put in the plant kingdom with the algae. Fungi and bacteria were attached to 
lant kingdom mainly on the groundsthat like plants, they possessed a rigid cell 
There are a number of probléms with having only two kingdoms. The first 
oncerns unicellular flagellates Jike Euglena and its relatives. 


These were put with “protozoa in the animal kingdom. However, some 
jlenoids, including Euglena itself, contain chorophyll, feed autotrophically by 
otosynthesis swim and move in response to light stimuli. Moreover, some 
flagellates can feed efthér autotorophically or heterotrophically depending on the 
jonditions. With enly two kingdom, we have to contend with the fact that these 
isms can i fact, hop from one kingdom to the other. 


| i. i ally very different from green. 
— Another problem concerns the fungi Fungi arere 
int. Theyló E phy and feed hetero trophically by an absorption method and 
alar structure differs from that of plants in several ways. 


ria. The electron microscope hasrevealed that 


i ormerly called blue-green algae) have a simple 
aes im tics and cyanobacteria appear to be similar to 
other organisms which are eukaryotic. 
into just two kingdoms, a division into 
ably be best. However, although it may be > 
kingdom, the rest would form a very 

EMEN ve 


— Athird problem concerns bacte 


gained most support was proposed 
t H. Whittaker. He based his classificatior 
isation of the organisms, and their method 
s of organisation: Prokaryotes, Unicellular Buk 
ikaryotes. The methods of nutrition were: heterotro: 
ther subdivided into ingestive and absorptive) and photosynthetic 


a 


r " 
-— On this basis, Whittaker proposed the following five kingdoms: B. 


ui uii, - CEU 
I 1. Unicellular prokaryotes which feed by a variety erent metho 
, ari UI — Kingdom Monera. N - 


2.  Unicellular eukaryotes which feed by a vidt) of different method 
ater — Kingdom Protista. ^ €; EC 


ED V 


Lipi 3. Multicellular non-chlorophyllous eukaiyótes which feed heterotroph call 
Eli by absorption. Cell wall always présent — Kingdom Fungi. 


"v 4 Multicellular chlorophyllous eukaryotes which feed autotrophically by 
E. photosynthesis. Cell wall always present — Kingdom Plantae. 
T I ! 


5. Multicellular eukaryot€s“which feed heterotrophically by ingesti 


They have neither cHiorophyll nor cell wall — Kingdom Animalia. 1 
AXI } 

| Although whittaker's Sieme received wide s preada al, i m 

aia pproval, it had one major 

_ Snag. This relates to the p t kingdom which contained i > : 

» including those that fo ly had been regarded, as animals (Protozoans) and: those 

’ that had been regarded as plants (unicellular algae). Ind 


| EP eed it solved the probl 
: Euglena like organisms, but placing of unicellular algae in i na 
multicellu g protist and colo; 


dae in plantae lead to confusion. This was unfortunate because 

algal grot 5, share many common features. Indeed, some of the simpl 
el Ps E E more than aggregates ofthe unicellular forms. This 
ed to the fact that the algae as a whole have rather little in on witl 
the plant kingdom. ae 


S 


l 
RA 
* à 


9 other American biologists, L. Margulis and K. Schwartz, t 

on of Whittaker's scheme. They metes that the multic 

moved from the plant kingdom and placed 
new kingdom called the protoctis 


= T M on Ww lie, pim bug he s fi 


ide a living 
ons most biologists regard it, not as MA rganism, but as 


g cells. 


_ Viruses appear to be on the borderline Getween the living and 
i g worlds. They could probably form ano [kingdom if scientist felt like 
iting one. Certainly a great deal of time and efforthas been spent classifying them. 
based on their physical and chemical properties and the way they reproduce, and 
ssential in diagnosing the diseases which they cause. : 


In this book we will follow the anOdification of Whittakers scheme put- 
forwarded by L. Margulis and K. Schwartz. According to this, there are five kingdoms 


of living organisms as listed below. N 


Kingdom Prokaryotae (Monera): 
It includes almost alKthe prokaryotes, e.g. bacteria and cyanobacteria etc. 


eS 
Kingdom Protoctista (Protista): 
It includes all ihe unicellular eukaryotic organisms, which are no longer 


i i Paramecium, 
z ‘fied—las animals, plants or fungi. e.g. Euglena, 
E E nas. plasmodium etc. Multicellular algae and primitive 


| d ve also been included. 


3. King dom Fungi: ad 
Ù Iticellular (except yeast) organisms ving 
Em non-chloropbyr etereoa and have non motile spores/ 


Bec all, absorptive 
E rn (mushroom) yeast, etc. They are absorptive hetrotrophs 


| ular chlorophyllus photosynthetic 
tic multicell apina p 


and exhibiting heteromorphic alterna jon C ji 
Apple, etc. 7E 


ryotic, non-chlorophyllus, multicellular, jp. 
no cell wall. e.g. Hydra, Earthworm, Huma, = 


word JIRUS is derived from a Latin word venom meaning “poison”, ’ $ 
yrd goes back to many hundreds of years, long before anyone really c 
atavirus was, or that it even existed as we knowit today. It was generally believes 
hese “viruses,” or poisons, were carried in the air and could cause many n | 

— explained diseases. Ke) 1 
P "s -By the late 19th century pioneer biologists had demonstrated that " 
diseases of man and other pem» b 1 
m organisms were caused by 
bacteria. Some diseases puzzled 
them. One such disease was 
found to occur in tobacco plants. 

It causes the leaves to wrinkle 
and become mottled. The mottled 
effect has the appearance of a 
mosaic, and the disease was 
called Tobacco Mosaic Disease. 


In 1892, a Russian 
biologist named Ivanowsky 
discovered that a virus could be 
transmitted from an infected 
organism to a healthy organism 
of the same kind. 


| Ky 


Fig. 5.3 Tobacco mosaic diseased leaf. 


By 1900;'similar disease producing substance had been discovered in 
many org is. The name filterable virus was given to these substances, 
which co ass porcelin filters through which bacteria could not pass. The list 


of filterable viruses was growing long. 


The year 1935 was important in unravelling the story of what viruses 


really are and how they behave. A new kind of microscope—the electron i 


microscope, had been constructed. It had 10000000 millimicron (m #) 
magnilication. Wendell Stanley crystallized the infectious particle, now known 
as tobacco mosaic virus (TMV). Subsequently, TMV and many other viruses were 
ctually seen with the help of the electron microscope. I 
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n 20 nm to 250 nm. i to do so by them se weer TI hey T: a 


<] 7 d ‘= M 
P 1 eim | are either virul ! E 
> ent, destroy ing the cell in which they occur, or- ^| 


te, becoming integrated into th 
E. into thei on 
s perio Hof time: to their host genome and remaining stable there —— 


The adhesion properties of vi 

Eu ruses are determined by th ) 

a id th E. d envelops. The simplest b eem $ ane 
x ES 200 5 BS ES synthesis and gene replication; the moie complex ones 

| and are capable of synthesizing thro; their host may 


etural proteins and enzymes. 


a P E i po Rr api ee immunodefictenejéitus), which possesses a 
) rface that penetrates the cell mer ib i 
tat, and reproduce. : Dibrane, sheds T protective 


| Viruses are noncellular obligate parasites that always have a protein coat and a 
| nucleic acid core. | 


) Structure: 

_ They appear like little spheres or golf-balls, rod shaped, like tadpoles and may 
be | polyhedral. 
fof Viral-Genomes, Capsids, Envelopes and Tail-Fibers. 
nsist of a single or several molecules of DNA 


— Viruses may consis 
s while the largest have several 


sir genomes (sets of genes) may co 
viruses have only four gene 


. The smallest 
A 


Y 
A The p coat that encloses the viral genome is called a capsid. It may be 
ferent shapes. Capsid is made up of protein subunits called Capsomeres. The 
sr of capsomeres is characteristics of a particular virus. 
structures called viral-envelopes that help 
ae loaking their capsids. Bacteriophages 


their hosts. They are membranous, € 


il piece with Tail Fibres. 


e viruses have acce 
ule of a nucleic acid. 
few different protein, 


re MAY) 


single molec 


| a 
EL Lu ia uade, up. of. one OFF 
2 n^ gun (Fig. 5.4). In more complex viruses, © 
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E 
1 
ki 


b e several different kinds of molecules of either DNA or 


RNA ine 
cle and many different kinds of proteins. Most viruses have 


an a 
Structure that is usually either helical or isometric. Helical viruses, s 
- the tobacco mosaic virus, have a rodlike or threadlike 


ones have a roughly spherical shape. 


Genome (DNA) 


Caspamere Collar 


Sheath Hollow spike 


\ 


Baseplate pins 
Tail fibres 


Hexagonal baseplate 


Fig. 5.5 The structure of a bacteriophage 
Bacteriophage (Bacterio = bacteria: phagein = to eat): 
Bacterial viruses, or bacteriophages, are among the most complex viruses 
(Fig. 5.5). Each of them is made up of at least five se parate proteins; these make up 
the head, the tail core, the molecules of the capsid, the base plate of the tail and the 
tail fibers. Along DNA molecule is coiled within the head. 


3) Classification: 


Viruses are generally clasified on the basis of morphology and nucleic acid, 
they contain. On the basis of morphology, viruses are classified into rod-sha 
(T.M.V.), spherical (poliovirus) and tadpole (bacteriophage). The nucleic acid present 
may be DNA or RNA which may be naked enveloped or complex. | 

The diversity of the viruses is great and is almost certainly related to their | 
of origin. To provide a systematic idea of some of this diversity, we will 
| the viruses under ei 


E ght main headings. The main characteristics í 
€ groups are given below. rt 


mea bobus EE AMAD) 


s-strand RNA Viruses (Palin vi aeons a 
Wie these viruses lack 's ribosomes and being translated. As indicated by 
nded by a protein capsid Th me M 
NEL bain ce . They infect plants and bacteria, causing polio and 


=f H: i 
H (0o tti RNA Viruses (Hepatitis A and C viruses): 
E. E o. lus Strand RNA viruses, all of which parasitize animals, are 
e members ofthe preceding group by their lipid-rich envelopes. 


They infect arthropods and vert 

They i ebrates, j 

human beings. causing Leukemia and A fever in 
NU 


iii)  Minus-strand RNA Viruses (Rhabdo viruses and'Pox viruses): 
E Minus-Strand RNA viruses are distinguished from Plus-Strand RNA viruses 
because they carry the RNA strand complementary tothe mRNA that carries the 
genetic information of the appropriate mRNA, which then functions in the cell. They 
"infect plants and animals, causing flu, mumps and'rabies in human beings. 


iv)  Reterovirus: 
[ A virus that is replicated in a host Cell via the enzyme reverse transcriptase 
- to produce DNA from its RNA genome.They are envolped viruses. Retroviruses are 

either single stranded RNA (e.g. HIV) or double stranded DNA (e.g. Hepatitis B) 
|J viruses. 


v) Double-strand RNA Viruses (Reo viruses): 
E These are double^stranded, icosahederal RNA viruses, infect plants and 


animals, causing colofado tick fever in human beings. 


Small- Kome DNA Viruses (Parvo viruses): 
ave Small genomes; some of these viruses have Single- 


Many DNA viruses h 
[ others have Double-Stranded DNA. Among themare the parvoviruses, 
ral and about 20 nanometers in diameter. 


hot animals, they are icosahed 
They infect animals causing viral hepatitis and wartz in human beings. 


ii) Medium-Genome and Large-Genome DNA Viruses (Herpes viruses): 
- The Lerriéviruses. one of the major groups of large-genome, double- 
nded DNA viruses. They cause herpes shingles, cancer and poxes in human 


ge: 3 
molecule is coild within the head. They infect bacteria only 


- 
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7-3 Life Cycle ofa Bacteriophage: CE 


e | ’ : - 3 LN : o p 
the ianei i a the best understood of all viruses. Research on phages ledt phai 
and lysogenic on y can reproduce by two alternative mechanisms, the lytic, oy le cop 

| of P 
i) ^ TheLytic Cycle: P" 
T A viral reproductive cycle that culminates in death of the host cell is known 
" a lytic cycle. The term refers to the last stage of infection, during which e dig 
acterium lyses (breaks open) and releases the phages that were produced within — an 
the cell. Each of these phages can then infect a healthy cell and a few successive lytic | 
cycle can destroy the entire bacterial colony in a few hours. A virus that produces; 
only by a lytic cycle is a virulent virus. Figure 5.6 uses the virulent phage T, to 
illustrate the steps of a lytic cycle. 
a) TheT, phage uses its tail fibers to stick to specific reGeptor sites on the ii) 
outer surface of an E.coli cell (Escherichia coli). 
b) The sheath of the tail contracts; thrusting arífollow core through the - 
wall and membrane of the cell. The phage injects its DNA ‘nto the cell. * 
c) The empty capsid of the phage is left aga "ghost" outside the cell. The vi 
cell's DNA is hydrolysed. c 
— o 


) (2) The sheath of the tail nna 
The T4 phage uses $ 


B thrusting a hoffow core through s 
its tail fibers to stick the wall and membrane of the cell. ; 5 dAb 
to specific receptor. 


OVA SN (3). The empty capsid ofthe m 
) phage is left as a ghost © |= 
| jJ outside the cell. H Am 


Phageassembly - 


. i 
The phage then directs. ^ ^. Thecell'smetabolic machinery directed 
production of an enzyme == ^ — byphageDNA,producesphageproteins ^ ^ - n à 
thatdigestthebacterialcell ^ ^. . andnucleotidesfromthecell'Ssdegraded == 

wall : 


LL DNA are used to make copies of the — ——— LI ! 
mee |... phage genome. ee 
^u . ^ie 


" 
gx m 


"1 


AEROS Me nhs Neen. C Dif 
Fig. 5.6 The lytic cycle of phage T4 


directed b 2d ; 
y phage DNA, produces 
S degraded DNA, are used to eden 


2y b come t : 
s assemble to form phage heads, tails, ant LO et 
aughter 


These phages then direct production of lysozyme, an enzyme that 


Pow aci 
ed finally to burst, releasing 100 to 200 ease ee 


ic During the lytic cycle of a b i 

i BE oin iho cor. via egeti ey aahi ieg or cell dies when the viral particles 

to DNA for an indefinite period of time. ycle, viral DNA is integrated into bacterial 

e The Lysogenic Cycle: 

ntr: St rti " , f 

^ a: ^ E à to the lytic cycle, which kills the host, cell, the lysogenic cycle 
replicates the viral genome without destroying the host.Viruses that are capable of 
using both modes of reproduction within a bacteriumarecalled temperate (lysogenic) 

e viruses. To compare the lytic and lysogenic cycles, wewill examine a temperate phage 


called lambda, abbreviated with the Greek letter A; Phage resembles T,, but its tail has 
only a single, short tail fiber which may be absent. 


8N 


4 aes. i HX!) Many cell divisions 
N p, xS —Ó produce a colony of 


PUO S : bs bacteria infected with 
Bacterial chromosomes b prophage. 
y ^ 


Bacterium reproduces normally, 


"x " 
* AG 
a Phage attaches to,host Occasionally, a prophage exits the bacterial 
E Phage DNA A cell and injects DNA chromosome, initiating a lytic cycle 
——L- —— ll > 


edi 


Phage DNA 


gsing phages circularizes copying the prophage and 
transmitting it to daughter cells. 
Prophage 
E> 
ag A i i bacterial 
d j esized Phage DNAintegratesintothe 
1 i voie led] uec din chromosomes, becoming à prophage. 
E reproductive cycles of phage À. 


Fig. 5.7 The lysogenic and lytic 


NE 
pee 


a ain chemicals, that switches the virus. s from the lysogenic to the lytic modi 


hit pef me | 
t ; uds oi abrir UR pkg 
he E cells chromosome piromaitt vod 
x » One prophage gene codes for a protein that re 


T genes. Thus, the phage genome is nost tly 
m , How; then does the phage reproduce? Every ti 

es to divide, it replicates the phage DNA alongwith its o viii 

pies to the daughter cells. A single infected cell on gi 


t 


Be population of bacteria carrying the virus in prop torii 
enables viruses to propagate without og thost cells $ 


Nr depend. 


_ The tem lysogenic implies that prophages xd “some point, give rise | 


s that lyse their host cells. This occ hen the 4 genome exi 
Bose. At this time, the genç 3 © commands the host cell t o l 
Bae shaves and then self-destruct. releasing the infecto e 
les Itis usually an environmental trigger, Such as radiation or the pres 


sand prions are infectious agents even simpler than viruses: 
— Oe and simple as viruses are, the dwarf another class of pathogens, 


id. Ees are tiny CHUNG naked circular RNA that infect plants. Only 


, ia s can orgie metabolism of a plant cell and stunt the growth of tk e 


undred nucleotide viroids do not encode proteins but can replicate 
ie plant cells, app y using cellular enzymes. Some how, these RNA 


A 2 
wi ssn from viroids is that a molecule can be an infectious ag 
>. But viroids are nucleic acid, whose ability to eu 
Ito explain is the evidence for infectious proteins, called ps 
cause a Buttiber of ra a brain diseases, includin, 
ad-cow disease ." How can a protein, bons o can 


is Ww i yrions 
] aside" í A A To 
Buca d i o ipa ai 
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—  Colds are viral infection of th 


L 1€ upper r Í 
colds are caused by the rhinovir PE espir 


"uses, which atory tract. About one third of all 


E. Em os T are t pass 

— quere aa dozens of different strains of rdi canadien V Aegis 

gon of them with different properties - nes ee e E 
| properties and none conferring cresb immunity to th 

e » " > 7 

at cause colds have been identified, which makes 

iunization methods very difficult, ifnot impossible. 


l4 oe Eu MM widespread diseases, such ag many kinds of encephalitis 
dengue and ye low fever. Chey are classified asCarboviruses (arthropod-borne 
ginuses) together with many unrelated viruseg;;bécause they are transmitted b 

insects and other arthropods. ; y 


nts 

he — T  @isease in the tropics and elsewhere in ae it remains a 
nd 

ve 

Lis 

n 


| E oth s. More than 200 of viruses th 
‘thedevelopment of appropriate imn 
J 


"o O v eo 


a iredi Im > Hoi ` 
i AIDS (Acquired Immune Deficieney Syndrome) caused by HIV (retro viruses) 
Was discovered in 1985. 


Rabies, which was the subjéct of the path-breaking discoveries of Louis 

IPasteure in the nineteenth centüry, is caused by a rhabdovirus (rod shaped). A 

second group of minus-stragd RNA viruses, the paramyxoviruses, includes those 
"iat cause measles and mtemps in humans. 


Today rabies is most often spread by small, mammals such as dogs, racoons 
and foxes. Fortunatély, it is a simple matter to vaccinate pets against rabies, and 
human vaccines are also being developed. The rabies virus is spread by the saliva 
if the host anfmal, often after bites, but it can also be contracted from handling a 
dead infect himal. An animal infected with rabies may go into a mad frenzy, often 


. Tunn át distances in its confusion. 


, The flu viruses, minus-strand RNA viruses, resemble balls studded with 


“Spikes. Recombination of the genetic material of the flu viruses appears to play the 
crititicz role in causing worldwide flu epidemics. 


é ad through droplet 

E Th itv of human viral diseases are sprea 
ection E » wounds in skin, infected saliva, via human faeces es 
yl e through vectors (arthropods) or sexual intercourse (homo or heterosexual, 
ag of contaminated objects etc. Immunity o 


| Of viral diseases. 


r vaccination are the two best 


virus. Plat fifties can stint any plant growth a£ 
e two » major routes by which a plant viral disease cans 
nsmission or Vertical Transmission. In the fir e 
nanexternal source of virus through injured parts or thrc ighi 
, a plant inherits a viral infection from a parent. 


or ulturists have not yet devised cure for most viral dis » of p 
€ efforts have focused largely on reducing the incide rransm 

diseases and on EU genetic varieties of crop plages at are re 

| Human Immuno deficiency Virus (Er | A RETROVIRUS > 


| Ams — Symptoms, Transmission eii its control 

E" HIV, the infectious agent that causes. AIDS, the glycoproteins 9 
ne enable the virus to bind to specific receptors on the surface of certa $e V 

| cells, although there are two RXA molecules. They are identical, n 
Y entary strands. » 


A (C Immune Deficiency ieee (AIDS) is a disorder which impa 
y'slymphocytic cell T, esystem in humans, in that the virus replica 
T, or helper cell. Thi ese cells can no longer help orinduce othe er Te 
cillers, to fight invadet he body’s immune system breaks down, leaving 
at exposed to a v. of diseases. 


Ti realise, however, that infection with the virus (HIV) doe 
ilti AIDS. As with other diseases, some people remain symptom. 
*stermed carriers. 


scan only survive in body fluids and is tran 
fca pibe transmission is achieved by sexual conta 
oe It passes fom the tton M 
E wr T a CAES Ta ND 


F as 


Y P 
na tr ea 
1e k 
å 


P 3 i 
MESS PN a ee a | 
NT Land iia Mf. - 
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b "c nti X i 3 »J 


PES 


s A " j 

as also been known to pass on the virus. Tm 
Other ways: An infecte 
baby through the place 


d pregnant woman can 

pass on to her 
i nta at birth or through breast aei suckling. 
ms and Symptoms and Natur 
) e of the disease: 
_ Current information suggests that 1-296 of HIV infe d develop 


)S each year, and that 5-10% of HIV inf 
Seac i acted 
mptoms each year. cted person develop AIDS-related 


NS, 

E. First signs and symptoms are a short flu JiKE flIness followed by no further 
fects for months or years. AIDS involves a défect in the cell-mediated immune 
sponse, hence the term immune deficiencyS@pportunistic infections then ensue, 
atis micro-organisms that we normally live with, and which we can easily 

stroy, may cause killer diseases. Cause of death is commonly a rare type of 
pneumonia, many patients suffer araye and disfiguring from skin cancer known 
Kaposi's sarcoma. Other common signs and symptoms of AIDS included 
shi loss. fever, dementia, diarrhoea, septicaemia (blood poisoning) and other 
mis of cancer. Severity of irttrmune deficiency varies and bouts of illness may 


rsist for years. 

i She j ] i lls in more than 
gu affecting lymphocytes, HIV may directly infect brain ce | 
E. cau S pirreversible dementia and eventual death. The brain shrinks, 
h a loss of m ry and mental agility, and behavioural changes occur. 

E 


itro atment and Prevention 
H : Co international effort is being made to devise methods of treating 
TN enting the disease. There are two lines of research, one into developing 


hcan be used to cure : 
s are at an early stage an 
m the aim is to develop drugs to inac 


T netabolism. 


the 
uire heavy financial investment. In 
ait tivate the virus, by blocking the 


LU 


: was azidothymidine or zidovudine 
n saine of the disease and can attack the 
infection) other drugs are being xamined | 


Nati 


a drug used to treat other viral infection. 
ş the AIDS virus under laboratory conditions 
ug has also shown encouraging results inhibiti 


oo i on Aa T $ 44 
‘The reduction in the spread of HIV could be brought about by the use of 
es and sterilized syringes by drug addicts. k 


» Education about the disease has an important part to play particular 
reassuring the public about the real risk. There is no evidence that infe ion, 
"occur by droplet infection through the nose or mouth, or by casu contact sy 
as shaking hands etc. VS 3 


5.2.7 Hepatitis: A Serious Health Risk: os E 

Hepatitis is an inflammation ofthe liver. It may be due to viral infection, tox" 
agents or drugs. It is characterized by jaundice, abdominal pain, liver enlargemen A 
fatigue and some times fever. a | 


There are various types of hepatitis. | 


Hepatitis — A is transmitted by-contact with faeces from infected 
individuals. It is caused by enveloped RNA Virus. | 


Hepatitis — B (serum hepatitis) is caused by unusual DNA Virust 


The causative agent of Hepatitis B. contains a small, circular molecu E 
of partly, but not completely;-double stranded DNA. The viral genome encodes. 
two kinds of proteins, a<cere protein and a surface protein, as well as DNA 
polymerase. M 4 


"d 
The amoung pi genetic information in the hepatitis B viral genome he 
| 


nucleotides-is an that of any other pathogen, except of the viroids. 


The pepátitis B virus poses a serious public health problem, particula Y 
among Asians, Africans, and male homosexuals. It often persists in carriers vith 
_ causing any symptoms, but it may still be highly infectious. People infected eat 
_ life often become carriers, and it is estimated that there are about 200 million 
— carriers worldwide. Since most of these people are not recognized as carriers. 
_ is areal possibility of the frequent transmission of hepatitis through skin co 
iioi transfusion, and similar medical procedures. Not only is the hepatit 
5, but the virus also may play a role in causing human liver cancer, 
` who show no other symptoms. New vaccines against the 
yduced by recombinant DNA techniques and are of great IMP 
or those who require frequent blood transfusions, and oU 
nd continuing risk of infection. "Wu" 
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KEY POINTS 


1 E 
organisms are classified on th 
try, cytology and genetics € bases of homologies, comparative 


ely the finns structu 
th grouping 
E » in a classification scheme. APIS INR PTS 


ometimes it is impossible to class 
‘sc > one resorts to comparing the c 


ify organisms using vs criteria, 
hemical — Which they contain. 


> basic unit of biological classification is the Ges. 


Ne 


| Previously organisms were divided into twe Rihgdoms. The animal kingdom 
and the plant-kingdom. 


Whittaker proposed in 1969 that eds organisms may be divided into five 
kingdom. 


TL. Margulis and K. Schwartz suggested that multicellular algae should be 
— removed from the plant kingdom and placed alongwith all unicellular organisms, 
in anew kingdom called theProtoctist which would replace whittaker's protist 


kingdom. 


The word virus is Gerived from a latin word meaning “Poison”. 


Viruses are noricellular parasitic entities. 
consist of viral-genomes, capsids, envelopes and tail fibres. 


al reproductive cycle that culminates in death of the host cell is known as 


io 
ast to lytic-cycle, W which kills the host cell, the lysogenic cycle 
Pe | the viral genome without destroying the host. 


rly cause many widespread diseases, such as yellow-fever, nurs 
es, mumps, . aids etc. | ! - 
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T2 
2 >. 
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| "Closely related orders are grouped together into Q 
(a) Genus (b) Family GN 
(c) Class (d) Division vw 
Characteristically viruses are: K 
(a) Acellular (b) Cellular ce E 
(c) Non-cellular (d) es 1 
The adhesion properties of viruses are determined by: kr 


(a) Proteins that make up their coats and envelop 


(c) Fo 
| Mee Sles and mumps in humans is caused by: 
[la] Khinoviruses 


(d) Genetics 


(b) Viral DNA that they contain 
(c) Viral RNA that they cóntain 
(d) Viral Genomes that they contain 


Which characteristic is not associated with Lytic-cycle 
(a) Death 


st cell (b) Viruses are virulent 
on of prophage (d) Bacterial cell fails to reproduce — 


(b) Arbovirueses 
(d) Rhabdovirueses 
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(a) Presence or absence of cell-wall (b) Type of l 

of nucleus 
(D) Mode of nutrition 
" Write detailed answers of the following questions: 


(c) Presence or absence of chlorophyll 


| (i) What are the bases of classification of living organisms? 


(ii) What do you mean by Taxonomic Hierarchy? 


(iii) cee oo pei pM ME and Schwartz in the five 
(iv) Give structure, characteristics and classification of viruses. 
(v) Decribe lytic cycle and distinguish it-from lysogenic cycle. 
3. Write short answers of the following questions: 
(i) What is species? 
(ii) Define taxonomy. 
(iii) Point out the three proBlems with having only two kingdoms. 
(ivy What was the major snag in Whittakers scheme? 
(v) What modefications were suggested by Margulis and Schwarts and 
Whittaker's ‘scheme? 
(vi) Name the five kingdoms of living organisms. 
(vii) Namie the different parts of viruses. 


(viii) <What do you 


" 
mean by pluse and minus — Strand RNA viruses: 


4. Define the following terms: 


(i) Species 
(ii) Binomial nomenclature 


(iii) Becteriophage 
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KINGDOM PROKARYOTAt | 


(MONERA) 


Prokaryotes were the earliest organisms and they lived and evolved all alone on 
Earth for 2 billion years. They have continued to adapt and flourish on an evolving 
Earth and in turn they have helped to change the Earth. In this chapter you will 
become more familiar with prokaryotes by studying their structure and function, 
their origins and evolution, their diversity and their ecological significance. 


100 


Ano... E cn 2L of living things often 
nts. Decause of their extremel 
E oram by the optical microscope. Their pr 4 
| EM ence of their effects on living tissue. The oorr mioroscapm 

e existence. It was not so with bacteria. re the invention of the 
at microscope, men lived in ignorance ofthe pres eot these micro organisms. 


P Antony Van Leeuwenhoek (1673), was the first to observe micro organisms. 
He constructed a simple microscope and observed a drop of water. 
AU 


Leeuwenhoek discovered life in a form that was unexpected. He was amazed 
‘at the variety of tiny living objects that Ife'sáw wriggling and darting across the field 
‘Of his little microscope when he examined drops of various kinds of water or liquid. 


p 


l He became 56 enthusiastic About what he saw that he wrote several letters 
to the Royal Society in London. One letter with an account of what he saw was 
"published by the Society iri (677. This article included the very first description of 


Capsule 


g organisms. 
measures from 


beneath cell-membrane. They come o itf 
protien with no microtubules. Flagellz 


y A 

h Jj : | Pili: They are hollow, filamentous appendages smaller than fla gella, 
ipis conjugation and not in locomotion. ' 

| Capsule: It isa protective shield made up of polysaccharide and prc ei | 
Some bacteria have slime capsule which provides greater pathogenicti)and protect 

themagainst phagocytosis. V | 


Cell-wall is totally different from ordinary plant c all. It is chemically 
|. Complex and made up of amino acids, sugar and chitiíy but cellulose is total 
| missing. The cell-wall of most bacteria have uni@wé macromolecule called 

Peptidoglycan. It is composed of long glycan chaifis cross-linked with peptide 
| fragments. In addition sugar molecules, teichoic acid, lipoprotein and 
lipopolysaccharides are also present. 


Some bacteria may lack cell-wall. Aréhaebacteria do not c 


glycan. 


Cell-wall is found surrounding the cell-membrane. It is rigid, determines the 
shape and protects from osmoticdysis. 


Cell-membrane lies Mx cell-wall. It is attached to cell-wall at few places - 


ontain Peptido- 


and has many pores. It de up of lipids and proteins. It acts as respiratory 
Structure as mitocho e absent. $ 
. Cytoplasm 


| ! granular, having small vacuoles, glycogen-particles and í 

9)somes. Othe brane bounded cytoplasmic organelles are absent. 
V 

Me osomesare invagination ofcell 


TY) 


-membrane into the cytoplasm. Mesosomes 
of vesicles, tubules or lamellae. Their function is to help in DNA 
cell-division, respiration and in export of enzyme. 1 


eoid is prokaryotic nucleus caontaining genatic material DNA in 

e circular molecule agregates as an irregular shaped dense structun 
in body or bectrial-chromosome. There is total absence of nucle 

eoplasm and nucleolus. -u di 


s small fregment of extra genetic material double stranded 


; ii * f 
11i 


A bá U 
Ec = $ 
* 


pe ze um. 


* Sanc P a ^" 


d. sc 
, > resi 


uS 
^ 


MDCAT BY FUTURE DOCTORS (TOU: 


f piz. ‘a 


Monococcus means one and Diplococcus 


is along chain of Cocci, means a pair of Cocci. 


4 | Streptococcus Tet 
| A efeight Cocci and St etrad having four Cocci. Sa diac 
i of eigh aphylococcus have grape like arrangements)” acu 
© NS 26 
© 9 7 
2. Bacilli (Singular- o9 | € 
Bacillus = L. Bakulus = A rod). ny ea Bacillus 
Bacilli are rod-shaped. © % g o 
They may be found in pairs or in 8 4 eux 
chains. e.g. Bacillus, Pseudomo- Diplocóeye Dipiobacillus 
nas, Diplobacillus, Streptobaci- 89 & 
lus etc. They may be flagellated. & 
Bacilli are of following’ , Lier Streptobacillus 


types: m 3 | 
Bacillus is a single rod 
shaped bacterium.: Streptoba- oe 
cillus is a chain of bacilli. Ax 
-— Diplobacillusis a pair of bacilli. | 


3. Spirilla(Singular- 
Spirillum= Gr. SPEIRA- A coil) 
1 ae 


Palisade 


1 - i They are spiral Or cork- 
screw shaped e.g. Spirochaeta. 
"i 4, Vibrio or Commas: 


y are slightly curved 
ees 
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KINGDOM PROKARv 


| Diversity: T 
. Bacteria are difficult to classify. The classification of bacteria poses nai 
lenges to taxonomists. Because bacterial reproduction is usually ase, 
. Dacteria! species cannot be defined on the basis of their ability to interbreeq p 
» addition, the fossil record of bacteria is quite sparse. Consequenty, taxo sal à 
i classify bacteria using a variety of criteria: shapes, means of locomotion, pigmen ie 
staining properties, nutrient requirements and the appearance of bacterial colonies 


... Onthe basis of presence, pattern of attachment and the number of flagella 
present, bacteria are calssified into diffrent taxonomic groups. Atrichous Meang 
bactaria are without any flagella. When single polar flagellum is present then 
condition is known as monotrichous. If a tuft of flagella is present onlyat ane pole 
of bactaria then these are lophotrichous . Amphitrichous is a condition when tuft - 
of flagella at each of two poles is present. In peritrichous form flagella surround the - 
whole cell. Most of bacilli and spiral shaped bactaria have flagella. 


Christian Gram developed the technique of gram staining, dividing bacteria into 
two groups. Gram positive bacteria stained purple and gram negative stained pink, 


Some microbiologists place bacteria in two Major Categories: a large division 
called the eubacteria (from the Greek words for “trué bacteria") anda much smaller 
division, the archaebacteria (from the greek werds for “ancient bacteria”). These 
two types of bacteria have striking structural and biochemical differences. 


a 111. ù 
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6.1.4 Occurrence: 
Bacteria are most wide spread. organisms, which can be found distributed on 


the earth from air to soil and water:and from dead to living organisms. They can 
survive even in hot springs and also in freezing temperature. They may be soil 
dwellers or parasites of animals-and plants. 


6.1.5 Nutrition: 
Most bacteria are"heterotrophic with a few autotrophic. Heterotrophic 


bacteria are those which cannot synthesize their organic compounds from simple 
inorganic substancés. According to their mode of feeding, heterotrophic bacteria 


may be saprotroph, symbiotic or parasitic. 
2 


i) Sa ophic Bacteria: 
They get their food from dead organic matter. The soil is full of organic 
compounds in the form of humus. Bacteria living in the soil have large number 
— enzymes that break down the complex substances of humus to simpler compounds: 
These bacteria absorb and utilize these simple compounds as a source of energy: 


Many other saprotrophic bacteria cause decay of dead animal and plant material as 


they convert complex organic compounds to simpler ones. 


The majority of bacteria are free-living heterotrophs (saprotrophic decomposers) that | 
contribute significantly to recycling matter through ecosystems. Many are also 
| symbiotic heterotrophs, including those that cause disease. 


'arasitic Bacteria: 
‘They grow inside the tissues of ot living organisms and obtain 

De of other livir ( ies h 

Eo host. These bacteria (Pneumococcus) jack E | pora 


E 


= Autotrophic Bacteria: 


—. They can synthesize organi 
Es | c compounds fro ganic bstances 
ut prophic bacteria may be photosynthetic or meee yu 


4 


ne: 


 Autotrophic bacteria i 
nclude those th ` 
chemosyntheti at are photosynthetic and 
ynthetic. Among the photosynthetic bacteria, there Neo tat sedili 


first and do not give off ox 
give off oxygen. ygen and those (cyanobacteria)that evolved later and do 


p^ 
EA S 


Photosynthetic Bacteria: i WM 
[^ Bacteria which synthesize organic compound by using light energy arecalled 
P hotosynthetic bacteria. They have pigménts very similar to the chlorophyll and 
| named as bacterio-chlorophyll or ehlorobium-chlorophyll (Von Neil- 1930). 
"These pigments are present on invaginated plasma membranein the cytoplasm and 
jot in the chloroplasts. During photosynthesis, bacteria utilize H,S instead of water 


anc liberate sulphur instead of oXygen. 


Ligh 
CO, +2H,S ———> (CHO), + H,O + 2S 
Chlorophyll 


Chemosy« thetic Bacteria: 


Bacteria ich synthesize organic c 
oxidation o e inorganic substances like iron, 


e chemosynthetic bacteria. 


ompound by obtaining energy from 
hydrogen, nitrogen and sulphur 


1.6 ‘Respiration: 
. Another aspect of metabolism which can be used in the classification of 
Jacteria is their need for oxygen in respiration. 
J. Aerobes require oxygen for respiration. 
. Anaerobic respire without oXyBe" 


| cteriar . Some bacteria 
iltative B teriarespire with or without oxygen : 
ratio P oxygen for growth and are known as- -a 


"TM " " 


bacteria are killed in the presence of oxygen. they a t 
se Others use oxygen but can respire withoutit, they are cal 


Bacteria which can only survive in the presence of oxygen are bl; 


= 6.1.7 Locomotion: E 
| RES Some Bacteria can move using simple flagella that are attached with a anig 
a wheel-like structure. Ü 


| i These are simpler in structure than the flagella seen in some eukaryotic le | 
| Bacterial flagella, which may either cover the cell or forma tuft at one end can rota. 


rapidly, propelling the bacterium through its liquid environment. Rec ntn | 
revealed a unique wheel-like structure embedded in the bacterial membrane and ¢¢ | 
wall that allows the flagellum to rotate. Flagella allow bacteria to disperse into 
habitats to migrate toward nutrients, and to leave unfavourable environments, 
Flagellated bacteria show orientation toward various stimuli;à behaviour called taxis, 
Some are chemotactic, moving toward chemicals given off by food or away from toxic 
‘chemicals. Some are phototactic moving toward or awáy from light, depending on the 
habitat they require. Other flagellated bacteria are magnetotactic. These detect Earths 
magnetic field using magnets formed from iron Crystals within their cytoplasm. 


6.1.8 Growth: 

Bacteria have a large surface areato volume ratio and can therefore gain food 
sufficiently rapidly from their environment by diffusion and active transport 
mechanisms.Therefore, provided conditions are suitable, they can grow very rapidly. 
Important environmental factors-«affecting growth are temperature, nutrient 
availability, pH and ionic concentrations. Oxygen must also be present for obligate 
aerobes and absent for oblisate anaerobes. Four distinct phases are recognized in 


bacterial growth curve. 
.i LAG Phase: Inactive phase or phase during which bacteria prepare 
themselves for division. | 
J ii) LOG Phase: Bacteria grow and multiply very rapidly. 4 


iii) ationary Phase: Bacterial multiplication is equal to death rate. — | 


iy) Death/Decline Phase: Death rateis more rapid than multiplication rate. 


^ 


te ia lack traditional sexual reproduction and mitosis. Howe er SC | 


e 


A 5 
Fig. 6.3 Binnary fission in bacteria 


Fission takes place when there is ample supply of food and moisture with 
favourable conditions. During fission, first the hereditary material (DNA) in the 
=n of chromatin-body is replicated. Chromatin bodies so formed move apart. 
aconstriction appears around the middle of the cell and it splits into two parts. 


6 
se parts grow in size and form mature bacterial cells. The single fission takes 


" 20—30 minutes to complete. 


Prokaryotes reproduce asexually by binary fission. Mutations are the chief means of 


-| achieving genetic variation. 


E E 4e hol toplasmic content gets shrinkinto 
During l rmation, the whole protop 
nal v x diee inside the parental wall around this mass to form 


S (Tay 


" latio IS. Three methods by which genetic recombination pla 
atena are, conjugation, transduction and transformation. "M 

a) Conjugation: br 
Conjugation is a simple process of genetic recombination in which gene 
material is transferred from one bacterium to another through a tube cap. 


conjugating tube or cytoplasmic bridge. This process was carried out experimantay, | teta 

by Laderberg and Tatum in 1946. Q Ek E 

b)  Transduction: i y 4 
It is a mode of genetic recombination in which genetic material is transferre; 

from one bacterium to another by a third party which is @ ‘bacteriophage, hk dec 


process was carried out experimentally by Laderberg and: Zinder in 1952. ; 
| 6. 


c) Transformation (Transforming Principle); 
It is a process of transmitting genetic informiation from one bacterium ty in] 


-another bacterium through environment causing it to transform (undergo Change, dis 


This principle was first notified by Fred Griffth'in 1928. me 
IMPORTANCE AND CONTROL g 
6.2.1 Importance of Bacteria: | 


Useful Bacteria: 
1. Decomposers: Bacteria are the important biotic component of each 
and every ecosystem . They act on dead plant and animal bodies decompose various 
organic compounds into simple forms such as nitrates, sulphates, phosphates etc. 
for utilization by green plants again. Nitrifying bacteria convert the proteins of these 
dead bodies into ni ates. Soil bacteria increase the fertility of the soil by bringing 
about physical ed chemical changes in the soil. 
2. A mentary canal bacteria: They help herbivores in the digestion oí 
cellulose enzyme cellulase. They are present in appendix or in caecumofcoW. 
goat etc. | 
3. Industrial bacteria: They are symbionts which help in ing an^ 
ripening of tobacco leaves, fermentation of sugar into alcohol, ripening of chees 
retting of fibres, curdling of milk, conversion of hides into leather etc. f 
4. Medicinal bacteria: Valuable antibiotic drugs have been obtal 
bacteria e.g. Thyrothycin, Subtilin. Riboflavin is vitamin prod "A 


lium. 


ncies an 


4 


1 Hacteria: 
ti " Y JA a 


. Pathogenic bacteria: Th 
;, animals and : 1 They are res 
4 E, plants. They may be Seil ^s i à 
A = called many di 
nus ee rane found in ee hy man. À 
“diphtheria, merana pee ha 

caused by 


eria are black-rot of cabb 
ot of potato etc. age, citrus canker, fire-blight of pear and apple, ring 


. 2. Food spoilage: B | 
ecomposition. ag acteria spoil food by fermentation Raton or 
v 


j23 Control of Bacteria: X 
l The term i > 

0 cepe sl of bacteria e E eae 
EE oo avoid e limit. Control of bacteria is'essential for the prevention 
— pm Ol spoilage of food and othet industrial products. Several 
S en to control infectious micro-organisms. Such measures involve 


the following: 

i) 

ii) Prophylactic treatment ofthe population at risk through immunization 
or vaccination, 


Treatment of the infected individuals, 


iii) Disruption of the life cycle of the pathogen at all possible stages, 


evention of the spread of infection to non- 
h quarantine, 
nt of the reservoir hosts if any, 


arily to reduce the risk factors 


iv) In case of epidemics, pr 
infected individuals throug 


v) Identification and control or treatme 


Tai ^ VN 
vi) awareness in masses prim 

T ted to some disease, 
vii) Establishing a surveillance system. 


Killin f sterilization 
f bacteria is brought about by a number 0 
Pis ria to ultraviolet rays or to high temperature. 


i osing bacte 
methods like exposing dies and chemotherapy agents are used to 


Certain antiseptics, antibo 
kill the bacteria present in a living tissue. 


> or ‘weakened pathogens or pathogenic products to stimulate p rote 
ty. Thus in case of subsequent natural infection with the same pathoger 
mmunce e system easily recognizes the invader and comfortably manages to oy ove 
Dit losen. In such cases, either no symptoms appear at all or mild s 


appear. A vaccine is either taken orally (e.g. polio vaccine) or injected into ne b 
(e.g. tetanus vaccine). y 


O 


X. 3 
Immunization procedures are not only beneficial to 1 dividuals but an 

effective public health procedures because disease spfeads poorly thro gh i 

population in which a large proportion of individuals are immune. D 


. USE AND MISUSE OF ANTIBIOTICS | 


Antibiotics are chemical substance prodweed by certain micro-organisms 
at inhibit or kill some other micro- organisms They have a dramatic impact on ne 
. treatment of infectious diseases. Since the discovery of the first antibiotic, penici 


T which was derived from fungi in 1940, a large number of antibiotics have beer d 
| discovered from other fungi and bacté&ia; while many are synthesized ru | 


| 


Some antibiotic drugs are effettive against only certain types of bacteria wh ‘A 


T 3 known as broad spectrum antibiotics are effective against wide rond 
MI Eos The targets of antibiotics in bacteria are cell-wall, plasma membrane 
b osynthetic processes of [proteins and nucleic acids. 


7 


ds 
| 
| 


4| 
| Besides, se they are also used in agriculture both as grov th 
| prom Eee ees in animal feeds and as prophylactics (disease preventing). | 


|| 


Pan an antibiotic to which it is remind susceptible. Antibodies also he " 
A and their unnecessary and prolonged use distributes the metab » 
e user. The most common adverse reaction is many types of 2 ille 


“RIA (B algae) 
4 
a F 
"TR 
i 


| oe 


zo spores, akinetes and fragmentation, 


. Nostoc ua 
r may be taken as a typical example of Blue-green e. 
E Nostoc: 
* 
| " : tru ure: S 


E " " is p fresh water, prokaryots found in lony called filament. 
laments are intermixed in a gelatinous mass forming ball like structure called 
)bium. It floats on water. A single filament (Trich ook like a chain of beads. 


1 filam ent is unbranched and has a single row of rounded or oval cells. Each cell 

C lot ble layered wall. The outer thicker layer is made up of cellulose mixed up with 

tic compound. The inner thin layer is purely made up of cellulose. The protoplasm 
Ifferentiated into an outer coloured region;chromoplasm and an inner colourless 
gion centroplasm. The chromoplasm is-coloured due to the presence of various 
ments like chlorophyll — a, xanthophyll, carotene, phycocyanin and phyco- 
th ri . These pigments are not locatedn plastids butin side an invaginated plasma 
mbrane (a primitive character): 


There is total absence oféndoplasmic reticulum, mitochondria, Golgi bodies 
Va cuole. However ribosomes, pseudovacuoles and reserve food in the form of 


lophyceae starch are present. 
i Or 
VY Gelatinous sheath 


Nostoc 
filaments 


tie 
PEE 
e. 


t. Each 
ut they are specially concerned in the multipl 
ourab ile conditions. 


E i 
cis an autotroph like all other blue-green-Algae. It is lec v " 


pheric nitrogen and converts it into nitrates to make qa 0-aci ds. 
s. This activity takes place in heterocyst. D ’ 
" Reproduction: QU ay 
s — Thereisnoreportofsexual- -reproduction in nostoc.But asexual reproduction 
. takes place by following methods. Rog 4 


a) Hormogonia (Sing = Hormogonium): Hormogonium is a portion of filz 
between two heterocysts. During favourable conditions, filament breaks und 
junction ofeach heterocyst. This results in the formation ofa number of piece 


hormogonia. The end cells of each ‘sia aaa divide to form long fi 
nostoc. 


ment 


ET Akinetes: Akinetes are noncrmótile spores formed from certain vegetative ~ 
- cells during unfavourable conditfons. 


— When conditions are io cuisine certain vegetative cells become en 
and thick-walled con reserve food, called akinetes. These are somew 
with outer layer exospo and inner endosporium. At the approach of favoural 
pnoauons. they E by rupturing exospore and form independent filaments 


6.5.3 Importance of Cynobacteria: 


. They capable of making organic compounds from watai 
[ d flourished and changed the world by releasing O, as a b : 
otos sis. Many are able to fix atmospheric nitrogen, and t | a 

vility to photosynthesis means that their nutans nF 
o and nitrogen from the air plus some r 
e often 25 7 colonisers of moist soils. 


Mui se nurogen tial 
deii i 


ricis erii doe ise C 


m 
LI 


| KEY PO IN TS 
okaryotes are unicellular o 


ecule coiled in a loop and n ms In which each cell 
á ot enclosed in an contains a single DNA 
uclear membrane 


tony Van Leeuwenhoek, wa 
astructed a simple microsco 


E pe and observed a drop of "adr e 
P Bac a T aes pioneers of cellular organization and 

puer cells of some species may remai strictly unicellular. 
and form colonies. n associated after. cell-division 


Mesosomes are invagination of cell-membrane into th 


are in the form of vesicles, tub e cyt li$m. Mesosomes 

P ' ules or lamellae. Th 

replication, cell-division, respiration and in ade, ake ' : is to help in DNA 
ly N 


E difficult to classify. Taxonomists claééify bacteria using a variety 
of criteria: shapes, means of locomotion, plgrhents, staining properties 
nutrient requirements and the appearance ofbacterial colonies. 


Some bacteria are killed in the preseríee of oxygen, they are called obligate 
anaerobes. Others use oxygen but\édn respire without it, they are called 
facultative aerobes. Bacteria whicb can only survive with oxygen present are 
obligate aerobes. 


* Some Bacteria can move using simple flagella that are attached with a unique 
wheel-like structure. 


animal bodies and decompose various organic 


Bacteria act on dead;plant and 
trates, sulphates, phosphates etc. for 


compounds into; simple forms such as ni 
utilization by iren plants again. 
| ave been obtained from bacteria e.g. Thyrothycin, 


Valuablea filibiotic drugs h 
duced by clostridium. 


Subtiltt. Riboflavin is vitamin pro 
is lready been programmed to make 
' Genetically en ineered bacteria, E.coli hasa 
human E hormones for the treatment of growth defeciencies in children 
. and the insulin for dibetics. - 
- ed by certain microorganisms that 
Antibioti emical substance produc 
in v ES. other microorganisms. They have à dramatic impact on 
he treatment of infectious diseases. —_—~ 
" l inte! a 
i found in colony called filament. The famen Yai | 
rea enage forming a ball like structure called coenobi 


le 


i \ TNN - mitis ^ 
2 s u it Pa gay = - - E u "TI ; 
* Hi " i -N > r 


T B. AM "x dion : - 
y car — ] 
Extre: e Ps dips helping during cc onji 
m Flagella. (b) 
" (e) Celia | (d) 
Spirochaeta is an example of: 
(a) .. Cocci (b) 


(c) — Spirilla (d) c 


Inactive phase or phase of growth. during which bacteria p 
themselves for division: sO 


(a) Lag-phase A Nb) Log-phase 


(c) Stationary phase) AS o" f (d) Decline phase 
Bacteria having Dagellazdi over the surface: 

— (a) Atrichousy , (b) Lophotrichous 
(c) Peri us (d None of them 


Non-m spores formed from certain vegetative cells ¢ 
T ble conditions in nostoc: 


Heterocyst . "bi Hormogonium 
Akinete (d) Coenobium 


“write detailed answers of the following questions: 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 


(i) Describe structure and modes of reproduction in bacteria. 


(i)  Descibe salient features of cynobacteria and reproduction in 
nostoc. 


(iii) Distinguish between bacterial and nostoc cell. Give positive 


importance of bacteria and nostoc. 


Write short answers of the following questions: 

(i) How bacteria were discovered? 

(ii) ^ What are Photosynthetic bacteria? 

(iii) ^ How bacteria are classified on the bases of flagella? 
(iu What are cyanobacteria? 


MES 
(v) Does genetic recombination takes place in bacteria: Define any 
one method. 


Define the following ternis: 

(i) Hormogonia (ii) Heterocyst (iii) Proben 

(iy) Mesosomes (v) Plasmid (vi) Nucleoid (bacteria) 
Distinguish bebween the following: 

(i) Flagella and pili 
(ii) Photosynthetic an 


d chemosynthetic bacteria 


EN 


-j o 
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THE KINGDOM PROTOCTISTA 
(PROTISTA) 


DT CE ee eeegecccoccocccs see 000500 o n a E EET TSSsi 
—— 
‘ 


Protoctists are eukaryotic and thus even the simplest ones are much more complex 


than the prokaryotes. The first eukaryotes to evolve from prokaryotic ancestors 


were probably unicellular and would therefore be called protists. The primal 


eukaryotes were not only the predeccessors of the great variety of modern protists 
but were also ancestral to all other eukaryotes-plants, fungi and animals. 
116 


| imilar 
The Protoctista includes to th 


EN geh two grou : 


one gr oup of organisms which 


Diversity among Protista (Protoctista) AW 


Due to di i i : } 
group of E isins cm mint bes. a regard protist kingdom as a polyphyletic 
e 
have divided them into three ss ca share a single common ancestor. Here we 


" l; Plant-like Protoctists — Algae 


d Fungi-like Protoctists Primitive fungi 


3. Animal-like Protoctists —<Protozoa 


PLANT-LIKE PROTOCTISTS: ALGAE (Chlorella and Ulva) 

Algae (Sing Alga) —— Algin > Sea-weed 
. Algae are responsiblefot more than half of the amount of photosynthesis 
being carried in the world. 

Previously Algae were regarded as plants due presence of cell-wall and 
chlorophyll-b as àn accessory photosynthetic pigment. 
aquatic where as plants are nearly all 
terrestrial Living on land poses very different problems from living in water, and 
itisa set of structural, chemical and reproductive adaptations for terrestrial living 
that distinguishes plants from algae. Zygote is not protected by parent body. 


d according to their 

le-celled organisms that are groupe : 
ois heterotrophic protozoans, the photosynthetic algae, 
ids, which somewhat resemble fungi. 


Algae(differ from plants being 


The protists are usually sin 
mode of nutrition. There are 
and slime molds and water mo 


ulticellular 
to filamentous and to huge m 
ophyll, carotenoids, xanthophylls and 


Algae ranges from unicellular 
ation of algae is largely based on their 


.-— Structures. In addition to p ne 
TX phycoerythrin are also present. i 
Pigment composition. ; 


IRE) : 


fres water algae found floating in stagnant water of Ponds, 31 
z. It is easily cultured and has been used as an experimental ¢ Be 
'h on photosynthesis as well as being investigated as an alternate so 


Golgi bod 
Chloroplast lamellae g y 


Cytoplasm 
Chloroplast 
Nucleus 
Pyrenoid 


Pyrenoid wh Ws’ t | 
Starch {Au UA | 


Mitochondria Nucleus 


Fig. 7.1 Chlorella(a)A single plant and (b) Structural details as studied with thehelp 
of electron microscope. 


The body is one-celled, spherical in ouitline and solitary. It contains a single | 
nucleus and a cup-shaped chloroplast with or without a pyrenoid. 
The sole method of reproduction is by apl 


division of protoplast into 8-16 daughter protoplast. Each daughter protoplast 

secrets a wall to produce a nonmotile aplanospore. On release from the parent cell 
each aplanospore forms a.néw vegetative cell. Zoospores and gametes are 
unknown. It is of great economic importance as recently an antibiotic called 
chlorellin useful for the@ontrol of bacterial diseases has been prepared from the 
plant. 


anospores, which involves the 


7.1.2 ULVA 


Itisa márine alga commonly called 'sea-lettuce'. It is found growing along 
the sea-coasts between high and low tides. It is found attached to rocky edge of 


Manora and i areas of Karachi coast. The body called thallus is composed of 


le 
elongated wrinkled blade about 30 cms. long. It is attached to rock and other objects 


in the sea by means of hold fast, consisting of long thread like cells. The T€ |. 
very thin only two cells in thickness. Thallus in Ulva is of two types. The one with a | 
chromosomes is called sporophyte and the other with 13 chromosomes is called 


gametophyte. Morphologically both gametophyte and sporophyte are exactly alike vi 
hence called isomorphic. 


Ulva reproduces asexually as well as sexually. 


.MDCAT BY FUTURE DOCTORS (TOUSEEEZ 
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T j 
(p 
used and nothing remains of the th 

puta filmy mass of empty cell-walls Litres s 
of zoospores usually takes place at the Hime 
when the plant is reflooded by an incomin 
tide. The liberated haploid zoospores after i 
period of swimming and rest lose their flagella 
and grows into Ulva thalli. 


Green algae are a diverse group that have some of 
the same characteristics as plants. The haplontic life 
cycle is typical but Ulva has a life cycle that has 2 
distinct generations, like that of plants. 


Fig. 7.2 Ulva, a marine 
green alga with a three 
dimensional leaflike thallus. 


Mature 
sporophyte 


Mitosis yw" — q ay 


3y» 


"o 
s" Zygote 


Syngamy 


«Y Sexual reproduction = 


à Sporangia = 
g 
vans = ape Zoospores 


Meiosis 


DCATBY FUTURE DOCTORS (TOUSEEF AHMAD) — — 
al reproduction is isogamous. The gametes are bifla 


n sexual plants (haploid gametophytes with 13 chromosomes(n) 
netes are smaller than the zoospores. The fusion takes place only betwee 
loid gametes produced by different plants. The fusion results in the fo; 
p of quadriflagellate diploid zygote which, after a period of swimming and rest, 
.. its flagella and secretes a wall and after repeated divisions it develops into anon. 
Ulva plant (Sporophyte) which is similar to sexual plant (Gametophyte) in morpho Rad 


Alternation of Generation in Ulva 
shows there is distinct and regular Flagellum 
isomorphic alternation of 
generation. The haploid 
gametophyte alternates with diploid 
sporophyte which are similar in Eye spot 
morphology but differ in 
chromosome numbers. 


Second flagellum Light detector 


Contratile 


Euglena is typical of vacuole 


protoctists that have both animal- 
like and plant-like characteristics. 
A very long flagellum propels the 
body, which is enveloped by a flexible 
pellicle made of protein. A 
photoreceptor allows Euglena to 
find light, after which photo- 
synthesis can occur in its numerous 
chloroplasts. In addition tothe 


Food reserve Chloroplast - 


Nucleus 


Plasma 
membrane 


pyrenoids, which store starch, there Fig. 7.4 Euglena 
are starch granules. in the 
cytoplasm. 


FUNGI-LIKE PROTOCTISTS 
The orgatiisms which fall into this category superficially resemble fungi in that 


they are NU otosynthetic and bodies formed of hyphae. 


There are some organisms which superficially resemble fungi in having 
bodies formed of thread like structures called Hyphae. Many of them have centrioles 
and cell-wall having cellulose. 


Two major groups of fungi-like protoctists are Slime molds and Water molds - 
— oomycetes (Phytophthora). 4 


7.2.1 Slime Mold (Gymnomycota): "n 
A common slime mold is of no practical value whatever. You cannot m 
ing useful out of it, and it does not cause of serious disease. However, à 


colour of the yolk. The movement 

living thing brings to mind a giant Mni 
for it sends out arms that engulf and digest 
bacteria from the surface of rotting log or 
. leaves. This amoeboid Stage of the slime 
mold is called a plasmodium. In nature, a 
large plasmodium may cover several square 
centimetres. It can crawl over grass, creep 
up the sides of trees, or go almost anywhere 
thereis food and moisture. The plasmodium 
consists of cytoplasm in which are embedded 
many nuclei, food vacuoles, and undigested 
food particles. 


Plasmodia move along the forest floor, 
onto dead leaves that are bathed in sunlight: 
In this dry, often warm, environmeht a 
miraculous metamorphosis takes place. In 
amatter of hours, the plasmodiumi¢hanges 
into clusters of fruiting bodies called 
sporangia. Depending on the Species, the 
fruiting bodies look like srnall golf balls, or 
feathers, or bird cages,or-worms, in a great 
variety of colours. Part of each sporangium 


called capsule, produces a large number of | 


microscopic, asexual reproductive cells 
called spores, Each spore hasa single nucleus 
and a thick, protective wall. 


New ; 
Plasmodium 


f Sporangium- . 


fe. 


Sex cells 
Portion of 
sporangium | 
Thick-walled 
D spores 


Spore 


germination ee © 


— 
Fig. 7.5 The life cycle of slime mold. 


(Physarium) 


^w 


A spore may remain inactive for a long time, or it may germinate soon after 
ithas been shed from the fruiting body. Germination ofthe spore occurs when there 
is plenty of water and a suitable temperature. The fruiting stage and the thick-walled 
Spores of the slime mold are very plant like. They are very important reproductive 


cells. When a slime mold spore germinates, 


pore germination. These flagellated ce 


ca lin structure. 


- cellhasa pair lit through 
1 cellhas a pair of flagella that prope ^ m function as gametes (Sex cells) and 


airs. This is true sexual reproduction, 


it produces one or more tiny cells. Each 


the film of water that must be present 


even though the gametes appear to 


BY FUTURE DOCTORS (TOUSEEF AHMAD) — 


1 


- E GDO! 4 PRO ( 
se by growth of the amoeboid cell and subsequent divisions or. 
also result from the fusion of many individual amoeboid cells, whs 

eir separate identity. This is a most unusual way for an Organism to}. | 
d. In slime mold, we can see that it combines characters of animals and | 


If we observe only the plasmodium, we would certainly call slime mold an 
animal. If fruiting bodies and spores were the only parts we could see, we would call 

" theorganisma plant. Isit plant oranimal? Can we really relate this strange organism | 
= to other living things? What was its evolutionary origin? We can get some help - 
__ answering these questions by examining some other more familiar fungt, which are - 
called molds. v | 


7.2.2 Water molds (Oomycotes): 


Phytophthora Infestans: 
It is an example of water molds (oomycotes). It-1$ a pathogenic organism 
causing Late blight of potato (fig:7.6). 


Structure of Mycelium: 


The mycelium consists of hyphae having 4tellwall madeup of cellulose which 
are endophytic, branched, aseptate, coenocytic, hyaline and nodulated. The rounded 
or branched haustoria are found which absorb food material from the host cells. 


s Leaf mesophyll cell 
Branching haustorium [A VN V 
inside host mesophyll cell e i A ) 
— A > 


Lower epidermis 


Guard cell 


Stoma 


Fig. 7.6 The Phytophthora infestans growing in a diseased potato leaf. 


. Reproduction: g 
tas The reproduction takes place by means of asexual and sexual methods. - 


ibi» B reproduction takes place by means of biflagellate zoospores 
x E i 


ms 


‘The first sign of th 

ol the disease is 

in cloud appearance of small brown patches on leaves 
vh y and muggy weather rapidly increase to the whole 1 


ô i ^d In ba 
dcases the crown also shows similar symptoms der arotten 


‘pulpy mass emitting foul odour. On the under surface of such leaves a cotton 


growth of mycelium consistin ificati 
Sint in dry weather. g of fortification of the fungus, isseen. This growth is 


M < 
, The underground parts especially the tubers æ iso affected which often 


remain smaller in size and show d 
| ry rot with rusty brown markings in 
"brown depressions at certain places, in the Man) (3: reine n 


E ANIMAL LIKE PROTOCTISTS (PROTOZOA) 


Protozoa (protos-first formed, zoa=animals): 
* They are earlist formed eukaryotic, unicelluler organisms which primarily 


- feed by ingestive method. 


Tu The protozoans are unicellular organisms. Like animals, they are heterotrophs. 
Typically protozoa have a single nucleus and lead an independent existence but some 
the cells are joined together to form a 


have multinucleated cel]..ànd in other species 

colony. A colonial protózoan can be distinguished from a multicellular animal, 

- because its cells arequite similar and non specialized for any function. Most of the 

— individuals in a ulation of protozoa are produced by simple cell division of the 
pare the mating of two individuals does occur. 

y aquatic and live in fresh, brakish and marine water. Some 

Spec: can form inactive spores or cysts that can be dried and distributed 
ith particles of dirt or dust from one habitat to another. Parasitic protozoa live in A 

body of animals or in the plants. About 30,000 species of protozoa are divided into 

lasses, which differ in their means of locomotion. 

1. Class Flagellata (Mastigophora) 

2. Class Sar (Rhizopoda) 

3. Class Ciliata (Ciliophora) 


‘Sexual reproduction by 


" 
F 


ci Aan cose ps 
»hotosynthetic and they are as much like 
ts as animals e.g. Euglena. 


"The flagellates are generally considered 
9e the basic stock from which evolved not Basal granule , 

y Al kinds of protozoa but also higher Parabasal body 
ants and animals e.g. Trypanosoma (Fig. 7.7). Fig. 7.7 Structure of 


2. The Sarcodina: The members of this class have no specific org 
for locomotion. They extend blunt or slender cytoplasmic pro nus: 
pseudopodia and then the cell content flows into the pseudopodium which can 
pushed out and retracted repeatedly, such type of locomotion/ís called ama 

n. 


Some parasitic Amoebae (Entamoeba-histolytica) can. cause human dy | 
Marine shelled sarcodinians through geological timré-have deposited billions of 
Skeletons, which now make layers on the bottom of the sea. The "Radiolarian Ooze" 
and *Globigerina Ooze" (Fig. 7.8) are studied by oil prospectors because the presence 
of certain species gives clues to possible petroleum deposits. 


3. TheCiliata, Protozoa with both micro and macro nucleus and numerous | 
‘Short cilia, so named because ofthe resemblance of cilia to eyelashes (thewordreally.— 
means "eyelid'. They use their accurately synchronized cilia either to move | 
themselves through water or, if they are attached, to bring water containing food 
particles near or into the animatsbody. Many ciliates have a groove or depression 
called a gullet through which-food can be brought inside the body by a processo" 
engulfing e.g. Balantidium, Opalina (Fig. 7.9) and Paramecium (Fig. 7.10). Mostly 
reproduction is asexual, but conjugation between compatible strains of ciliates) 


occurs, with a resulting exchange of genetic material. Pellicle | 


Cilia 


Gullet 


Fig. 7.9 balia ranurum 
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erce their prey, where a 
rounded adhesive knobs t 
The tentacles secrete a 


_ paralyse the prey. Reproduction i 
e.g. Acineta (Fig. 7.11). is asexual by budding 


o) 
Fig. 7.11 Suctorian - 
Acineta tuburosa 

EE oon: The Sporozoans comprise alarge group of parasitic protozoa, 

en e agents causing serious diseases su¢has Coccidiasis in poultry 
and malaria in man. Sporozoans have neither locomotory organelles nor contractile 
vacuole. Most sporozoans live as intracellular parasites in the host cells during the 
growth phase of their life cycle and absorb nutrients through their cell membrane. 
— Common example of sporozoan are Plasmodium (malarial parasite) and Monocystis 
— which lives in the seminal vesicles of earthworm. 


7.3.1 Life-cycle of Malarial Parasite: 

Life-cycle of Plasmodiumis completed in two hosts: man and female Anopheles 
mosquito. Man serves as primary host whereas mosquito serves as secondary host. 
The parasite completes its life cycle in two main phases: a) asexual cycle in man and 


b) sexual cycle in mosquito: 


Asexual cycle in man (Schizogony): | 
A healthy person acquires infection when a female Anopheles mosquito, 


containing infective stages (sporozoites) of the parasite in its salivary glands, bites 
! gony comprises of the following phases: 


him for sucking his blood. Schizo 
> within the human blood, the sporozoites 


Y ; b 

. Pre-erythrocytic phase: Once | 

invade i. D ie cells bir an hour. After penetrating the hepatic cells, each 
Sporozoite grows for number ofdays and becomes a schizont. It divides to forma large 

- number of uninucleate exoerythrocytic (EE) merozoits. These are liberated when 
thy liver ll bursts. The exoerythrocytic (EE) merozoits may invade fresh liver cells 
andi x i tiply wing enormous number ofnew generation. This phase is referred 


erythrocytic phase. 

ct : a 
ase: It takes place in R.B.Cs. The exoerythrocytic (E 

ter ESC 3 ete the blood ipa. invade the red blood corpuscles. Each 


"e ed and is called trophozoite. When it grows in size, the nucleus is — 
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onc side į into the peripheral cytoplasm. It resembles a signet 
a t ring stage. The trophozoite ingests a large amount of 
'. The blood haemoglobin is broken down into its protein componer 
is used by the trophozoite. It develops into an active amoeboid trophozoi e. Af 
Sexual cycle in mosquito d 
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Fig. 7.12 Life cycle of Plasmodium vivax 


eget eter Dp e LO ru CH E diua er 


» RESTE 


produces er, throcytie ma becomes a schizont Itnow — 

merozoites along vit (E) merozoites. With the rupture 
| are liberated into the blood fae nee 
rocytic cycle depends upon the species "iim taken to complete one 


Sexual cycle in mosquito (Sporogony): 


Sexual life-cycle of Plasmodium is com Aa 
pleted in tke gut of female Anopheles 
mosquito resulting in the infective sporozoites. The cyclé¢ ri 
ES... ycié comprises of the following 


" , Gametogony: The gametocytes are takén/up along with the blood into the 
stomach of the mosquito. The female gametocytes soon become macrogamete, which 


isready to be fertilized. Each male gametoeyte forms 6 to 8 sperm-like microgametes 
by a process of exflagellation. 


Fertilization: The two gametes of the opposite sexes fuse together to form a 
zygote. The process is called Syngamy. The zygote becomes worm-like ookinete. It 
penetrates the stomach wall.to settle down just under the midgut. Here after 
absorbing the nutrients, it.bécomes rounded and encycts to form the oocyst. 


Sporogony: In.6 to 7 days the nucleus of the oocyst divides into thousands 
ofslender sporozoites by the process of sporogony. The cyst bursts, and the liberated 
Sporozoites are released into the haemocoele from where they migrate towards the 


p X 


MA. 
j a: 
d i E EL of malaria first appear when infected R.B.Cs are broken. The 
. A timetaken by the parasite its entry into man upto the breaking down of bes e 
Called incubation period. The symptoms that appear in this period a e b 
include fever, nausea, loss of appetite, constipation and insomnia. Soon headache, 
muscular pains, aches in the joints develops followed by chills. 


E 


At the onset of malarial fever the patient, suffers from shaking ape Ens 
ig. The bod temperature may rise as high as 106°F. After few hours o ; 
re fuse sap a and finally fever disappears. The recurrence of symptoms 
a ly after 48 hours or sometimes earlier. 


| iii 
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me Protoctista a group of unicellular eukaryotes which cannot fit any ofthe Othe, 
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four kingdoms. 
Due to diversification, biologist regard protists kingdom as a Polyphylen. 


group of organisms. 
Plant like protoctists are Algae (Chlorella, Ulva). 


Fungi like protoctists are slime mold and water molds—oomycetes | 
(Phytophthora). | 
Animal like protoctists include all protozoans. 


Algae differ from plants by being aquatic and theirzygote is not protected by 
parent body. 


Chlorella is fresh water alga found floating in stagnant water. 

Ulva shows isomorphic alternation of generation. 

Phytophothora is a pathogenic orgánism causing late blight of potato. 
Protozoa are divided into five classes, which differ in their means of locomotion, 
Amoeba histolytica causeshuman dysentery. 

Common example of sporozoan is Plasmodium (malarial parasite) causing 
malaria fever. 


At the onset-of malarial fever, the patient suffers from shaking chills and 
sweating. The body temperature may rise as high as 106°F. 


13 Chromosomes (D Sexual reveuduction 
Gametophytic phase(d) 26 Chromosomes 


Pitts having isomorphic alternation of tienes: tion 


(a) Chlorella (b) Ulva 

(c) Euglena (d) ai 
- Animal like phase of slime-mold 

(a) Plasmodium Eras Afa 

(c) Spores is SE orangia 


— (dv) = Pyhlophthora infestans causes dise known as 
; (a) Early blight of potato... \ 

3 (b Late blight of tomafg- ^ 

D () Late blight of potato 

| (d) Early blight Of tomato 

MEG —  Plant-like charáciér found in euglena 

(a) F lagelifam (b Pellicle 

(c) "tjotoreceptor (d) ^ Pyrenoid 

Cl Protozoa where adults are sedentary 


Flagellata (b) Mastigophora 
Ciliata (d) Suctoria 

Skeletons of marine shelled sarcodanias gives clues to possible 

deposits of 

(a) Calcium (D X Magnessium 

me (c) Petroleum (d Chromium 
ii | Which one is not the stage of plasmodium in mosquito? i 
(b) Gametogony 


(d) — Sporogony m" 


sh one is not the symptoms ofm 
m Nausea —— b) 
tra: Dyeenay | (a) 
—— In 
Vrite detailed answers of the following sential 
Describe structure and reproduction in Ban 


Describe two fungi like protoctists. € V- 
Describe in detail protozoa and its clagsés with examples. — 


TN 


Describe life cycle of malarial parasite. 


Describe diversity among protéctists. 
"2 


P^ 


Write short answers of the following questions: 


(i) 
Qi) 


Why asexual SU ae diploid? 

Why we say aw Wa has isomorphic alternation of generatio $ 

Name the ogene of late blight of potato and African slee 

sickness, gE 

Whatiare the symptoms of malaria? 

Wh asexual and sexual ulva plants are called as sporo nyt : 
| etophyte? 4 


e the foromo terms: 


nd se rcod 


LE Has 


The words fungus and mold may evoke some unpleasant images. Fungi rot timbers, 
attack plants, spoil food and afflict humans with athlete's foot and worse maladies. 
However, ecosystem would collapse without fungi to decompose dead organisms, 
fallen leaves, feces and other organic materials, thus recycling vital chemical 
elements back to the environment in forms other organisms can assimilate. 


131 


133 
's su <- and organized to form complex reproductive 
AE aeu tue trees he 


‘All fungal nuclei are haploid 
(sex ] reproduction. P €xcept for transient diploid zygote that forms 


EM n 
i 8.1.1 Nutrition in Fungi: 4 
1 Allfungi lack chlorophyll and are heterotrophs (abtainig&earbon and energy 
fom organic matter). They obtain their food by direct ‘absorption from the 
i | immediate environment and are thus absorptive heterotrophs. Most fungi are 
| saprotrophs (or saprobes), decomposers that obtaif (Keir food (energy, carbon 
Wand nitrogen) directly from dead organic matter;@They secrete out digestive 
| enzymes which digest dead organic matter, and' the organic molecules thus 
1 produced are absorbed back into the fungts. Saprobic fungi anchor to the 
substrate by modified hyphae, the rhizoid. Furigi are the principal decomposers of 
~, | cellulose and lignin, the main componentsf plant cell walls (most bacteria cannot 
ie | break them). Extensive system of fast growing hyphae provides enormous surface 
for absorptive mode of nutrition. Saprobic fungi, alongwith bacteria, are the major 
F decomposers of the biosphere, contributing to the recycling of the elements (C, N, 
P, O, H etc.) used by living things: 


Some fungi are parasites, some are even predators, and still others are 
mutualists. Parasitic fui absorb nutrients directly from the living host cytoplasm 
with the help of special’hyphal tips called haustoria. They may be obligate or 
| facultative. Obligate parasites can grow only on their living host and cannot be 
| Brown on a ]é-defined growth culture medium. Various mildews and most 
q e aigat parasites. Facultative parasites can grow parasitically on 
| their host as; ll as by themselves on artificial growth media. 


n. Sorne fungi are active predators. The oyster mushroom (Pleurotus ostreatus) 

N isa carnivorous (predatory) fungus. It paralyses the nematodes (that feed on this 

| fungus), penetrate them, and absorb their nutritional contents, primarily to fulfil 

b  ltsnitrogen requirements. It fulfils its glucose requirements by breaking the wood. 

Species of Arthrobotrys trap soil nematodes by forming constricting ring. 

lypha« invading and digesting the unlucky victim. Other predators have other 
tio as, such as secretion of sticky substances. 


gi form two key mutualistic symbiotic associations (associations of 
> both partners). These are lichens and my | 


[* 
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4 ‘ie 
-- i ‘4, 
Ex adf 
— —Á— 
ry ng 
Wa several nematodes (N) enmeshed 
by the/ntycelium of Dactylaria 
candid. 


bo i 


Fig. 8.2 (a) Pleurotus sapidus 


Lichens are mutualistic and have symbiotic associations between certain fungi 
(mostly Ascomycetes and imperfect fungi, and few/Basidiomycetes (about 20 out of 
15000 species of lichens) and certain photo atótroph either green algae or à 
cyanobacterium, or some times both. Most of the visible part of lichen consists of 
fungus, and algal components are presentwithin the hyphae (Fig. 8.3). Fungus 
protects the algal partner from strong Jight and desiccation and itself gets food 


through the courtesy of alga. Lichens ¢an grow at such places where neither of the 
components alone can, even at harsh places such as bart 


rocks etc. Lichens vary in 
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shape. overall appearance 7 
tant as bioindicators of Mire rie oen (Fig.8.3). They are ecologically 135 


ihe roots. Such plants show better growth 


T than tho TI ‘ 
Janton the other hand, supplies se without this association. The 
plan pp organic carbon to fungal hyphae. 


Root of pinus without Root ofpinus with 
mycorrhiza mycorrhiza 


Root of pinus showing electrophic mycorrhiza 


Fungal hyphae 


—— 
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5 KINGDOM FUNGI 

ectomycorrhizae, in which the hyphae surround and extend between the cells by 

|. do not penetrate the cell walls of the roots. These are mostly formed with pines. fin 
‘etc. However, the mycelium extends far out into the soil in both king 


S of | 
mycorrhizae. ; 


Fungi grow best in moist habitats, but are found wherever organic matter jg 
present. They survive dry conditions in some resting stage or by producing resistant 
spores. They can also tolerate a wide range of pH from 2-9,a wide temperature 
range, and high osmotic pressure such as in concentrated salt / sugar solutions aş 
in jelly, jam etc. These features also help them in their survival on land. Fungi store 
surplus food usually as lipid droplets or glycogen in the mycelium. 


.8.1.2 Reproduction: | 
Most fungi can reproduce asexually as well as sexually (except imperfect 
fungi in which sexual reproduction has not been observed). 


1. Asexual reproduction: 

Asexual reproduction takes place by spores, conidia, fragmentation and 
budding. Spores are produced inside the reproductive strüctures called sporangia, 
which are cut off from the hyphae by complete septa. pores may be produced by 
sexualor asexual process, are haploid, non-motile.and not needing water for their 


dispersal. These are small, produced in very large nun iber and dispersed by wind 
to great distances and cause wide distribution of many kinds of fungi, including 
many plant pathogens. When spores land'ira suitable place, they germinate, giving 
rise to new fungal hyphae. Spores mayalso be dispersed by insects a nd other small 
animals and by rain splashes. SporeS.are a common means of reproduction in fungi. 


Conidia (singular conidiurn) are non-motile, asexual spores which are cut off 
at the end of modified hyphae'called conidiophores, and not inside the sporangia, 


Sporangia 


eee Spores 
CE PE S 


Asexual 
reproduction 


Ka 


Mycelium 


Fig. 8.5 Spores are released from 
79 sporangia paginae to Fig.8.6 Conidia cut off at the tip of 
. Produce new hyphae. conidiophores in chains. 
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lceMular yeasts reproduce by budding (an asymmetric division in wtich 


ot |: wth or bud is produced which ma ate and grow by 
INely equal cell division y separate and grow by simple 


* 

. Sexual reproduction: 

Ec Details of sexual reproduction vary in different groups of fi Ye fusioa of 
haploid nuclei and meiosis are common to all. When fun oduce sexuzlly, 


phae of two genetically different but compatible ma S come together, 
heir cytoplasm fuse followed by nuclear fusion. In two que three main groups cf 
ung ogamy) does not take 
place immediately after the fusion of cytoplasm 


(Basidiomycetes, Ascomycetes), fusion of nuclei: 

Jr etaoin instead the two 
genetic types of haploid nuclei from two individuals may coezist and divide in the 
same hyphae for most of the life of the fungus«Such a fungalhypha/cell having 2 
nuclei of different genetic types is called dikaryotic (also heterokaryotic) hypha/ 
cell (Fig.8. 1). . p X 


| Different groups of fungi proditee different types of haploid sexual spores, 
such as basidiospore and ascospores, subsequent upon meiosis in zygote. These 
Spores may be produced by theif. characteristic structure/fruiting bodies such as 
basidia/basidio carps and as¢ci/ascocarps. 


NN 
[8.2 | CLASSIFICATION OF FUNGI 
© There are four Qüajor division/phyla of fungi. 
Ini. Zygomyicota 2. Ascomycota 
ES B omycota 4. Deuteromyccta 
1 


e ax divisions of fungi are distinguished prinarily by their sexual 
e structures. In the zygomycetes, the fusion oi hyphae leads directly to 
os ofa zygote, which divides by meiosis when i germinates. In the other 

an extensive growth of dikaryotic hyphae may lead to the forma‘ion 

uctures of interwoven hyphae within whichareformed the distinctive 
tive cell characteristic of that particular grotp, syngamy, followed 
ely: iosis, occurs within these cells, and hapled spores are forned. = 


“AUKI VOU 
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d nucjei have fused. They form diploid zygote nuclei, the fused portion of hyphae 
; devielops into a zygosporess. Except for the zygote nuclei, all nuclei of the zygomycota 
are haploid. Meiosis occurs during the germination of the zygospore. 
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Fey 
sia. Zygomycota are by far the smallest of the four groups of fungi, y 
1t 600 named species. Included among them are some of the more fre 
olds (Fig. 8.7), as well as a variety of other microscopic fungi foun, 
g organic material. The group is named after a characteristic feature of t, 


le of its member, the production of temporarily dormant structures | 


Sporangia 
Sporangia 


f A x 
id 4 CM ©) 
Rhizoids — f t) D S 
Fig. 8.7 Habit of Mucor and Rhizopus, 
(a) Mucor sp. sporangiophores emerging from the prostrate hyphae; 
(b) Rhizopus stolónifer — sporangiophores arising in groups from the nodes 
of stolon. S | 


In the life of the zygomycota (Fig. 8.8), sexual reproduction occurs by 
the fusion of gia, which contain numerous nuclei. The gametangia are cut 
off (rom the ae by complete septa. These gametangia may be formed on hyphae 
of different mating types or on a single hyphae. If different mating types are 


involved, fusion between. the pairs of nuclei occurs immediately. Once the haploid 


T aciei -— 


al reproduction occurs much more frequently than sexual reproduction. , 
etes. During asexual reproduction, haploid spores are pro 1c 


ey 


38 Specialized sporangia formed on specialized erect hyphae c? 
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; ir spores are thus shed } - LIT ———— = =n = = 
sec up by the wind and bl B substrate, ina position w 


Sg 


Sporangiophore and Sporangia ' 
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Fig. 8. in Mucor sp., A-D and A' D'—Asexual stage of + and - strains; 
Fg 15 8 eife cucte Y E ing closer; F: progametangta differentiated into 


: progametangia comi | 
TN ongia d suspensors; G and H: gametangial copulation; I: mature 


zygospore; J: germination of zygospore. 


 Ascomycota: 
The scion division of fungi, the ascomycota is a very large group of about 


h year. Among them 
name with many more being discovered eac 

" com x Same important fungi as yeasts, common molds, 
nc truffles. Also included in this division are many of the most sexiqua 


s e.g. powdery meldew etc. 


es. The sac and club fungi typically have fruiting bodies. T 
for certain fungi that parasitize humans are unknown. 
ycota are named for their characteristic reproductive struc 
` ub-shaped ascus (plural, asci). The zygote, which is : 
of their life cycle is formed within the ascus. The 
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Cleistothecium 
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later within a structure that is made up of densely interwoven hyphae 
ng to the visible portions of a morel or cup fungus, called the a scocar, 


r das 
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gyne of an adjacent ascogoniuri;-nuclei from the 
ugh the trichogyne into the ascógonium and pair 
with nuclei of the opposite mating type. Initially, both kinds of gametangia contain 
ryotic hyphae then arise fróm the area of the fusion. 

Throughout such hyphae, nuclei that represent the twO-different original mating 
types occur (dikaryoticy). Several nuclei, some derived/from each of the parents of 
' their mitotic products, are present within each celiof the hyphae. These hyphae are 
dikaryotic and heterokaryotic. 
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SEU n: _ Fig.8.10 The Life-cycle of an ascomycete 


ur haploid daughter nuclei; these v iv 
ht haploi mtn that become walled. efte 

ascus becomes highly turgid at maturity and ultim 
a, When this occurs, the ascospores may be th 


: 2 and dik 
otic hyphae, the asci are formed, The ascocarps of th 
3 are open, with the asci lining the open cups calle othecium. 
PS ea closed or pave a small opening at the apex ar aye cleistotheciu 


roups Bor microscopic ascomycota F ig. 8.11). Yeasts being single catal 

nigh considered primitive eo and belonging to protoctist but they are. 

: ‘dikived from multicellular érieestors, most of which were ascomycetes, | 

< under favourable nutriti Nt may develop rhizoidal hyphae. Mostoftheir? 
duction is asexual and take$ place by cell fission or budding (the formation of 
ler cell from a larger opg, Sometimes, however, whole yeast cells may fuse. 
of these cells, conte g two nucie, may then function as an ascus with 
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«nia, many different strains of yeast have 
* processes. Wild yeast—ones that occur 
S made were important in wine making 


mU 


Over the past few decades yeasts h rtan 

re. ave b incre 

EN ecome increasingly E t in 
R OÀ 
Basidiomycota: N ad 

E The basidiomycetes, have about 16,000 named speciex More is known 
about some members of this group than about any other Xfungi. Among the 
basid omycetes are not only the mushrooms, toadstools, páffballs, jelly fungi, and 
shelf fungi, but also many important plant pathogens. among the groups called 
gusts and smuts. Many mushrooms are used as food, but others are deadly 
poisonous. Still other species are poisonous to some people and harmless to others. 
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Fig. 8.12 The life-cycle of a mushroom 


forming Basidiomycete — 


Woke chy bci Pagay € orr 
uem the only diploid cellofa 
eji ( immediately after the formation of 
es. the four haploid products of meiosis are incorpora 
in mos; Be acai ofthis division, the basidiospore are bor 
dium on slender projections called sterigmata (singular: sterigr 
y the structure of a basidium differs from that of an ascus, alt | 
‘the two are identical. The septum that cuts off the young basidium 
: :rforated but often becomes blocked, as it does in the asomycetes = 


| it has been estimated that a mushroom with a cap that is 7.5 aeo 

J| l produces as many as 40 million spores per hour! 

qoi 

‘se Ws Some species of basidiomycetes are commonly cultivates for example, the | 
tton mushroom, agaricus campestris, is grown in more than 70 countries, £ 


ih "Although we are more familiar with the mushrooms, another kind of 
Da sid omycete is represented by the rusts and smuts; which are important pag 
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(4) Deuteromycota (Fungi imperfecti): 

= Most of the so-called Fungi Imperfécti, are ascomycota that have lost the 
ia sexually. The fungi that are classified in this group, however are | 
: ily those in which the sexual reproductive stages have not been observed. 


=) There are some 17,000 déscribed species of Fungi Imperfecti. Even though 
ual reproduction is absentamong Fungi Imperfecti, there is a certain amount of 
enetic recombination. This becomes possible when hyphae of different genetic types 
fuse, as sometimes hap hs spontaneously. Within the heterokaryotic hyphae that 
arise from such fusi enetic recombination of special kind called parasexuality 
.Inp ality, the exchange of portions of chromosomes between the 
all distixiet nuclei within a common hypha takes place. Recombination of 
alsqoceurs in other groups of fungi and seems to be responsible for some 


Among the economically important genera of fungi imperfecti are penicilin 
ergillus. Some speciesof Penicillium are sources of the well-known anti 
n,an other species ofthe genus give the characteristic flavours and: 
*s of Aspergillus are used for fermenting soya sauce and sc 
ch certain bacteria and yeasts also play important roles. C 
nercially with members ofthis genus under highly acidic co pi? 
men restock feed by the products of fermentation * 
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BEA con S enable fungi to live on land. 
iy H r 
| P e lyphae that absorb water and soluble nutrients also anchor the plant 
ES ae 
2. Thick-wall 
os ed drought resistant Spores are produced in large number. 


3. Instead of forming gametes ha 
ving fl 
which need no water for ranae "A SRE EADS SHEER M 


"Na ECONOMIC IMPORTANCE 


_ — In many ways bacteria and fungi are simil , 
arin their import to man. Like 
bacteria, fungi show both harmful and useful activities to humart beings. 


8.4.1 Useful Fungi: YS 

) a) Food: Many kinds of edible fungi in the form of Mushrooms are a source 
of nourishing and delicious food-dishes. Today they are grown as a crop 
in many places throughout the world. But/one must bear in mind that 
- not all the mushrooms are edible. Some of them are poisonous and 
popularly called toad-stools or déath-stool. Yeasts, another kind of 
fungi, are utilized in baking indüstry. Others are used in brewing and 

in cheese and organic acid preducing industries. 


= 


\\ 


b) Medicines: Fungi have éxplored a new field in medicine by producing 
antibiotics like penicillin, chloromycetin, neomycin, terramycin etc. 


c)  Soil-fertility: They/maintain soil fertility by decomposing the dead 
organic matter e;g. Mycorrhizal fungi. 


-. 8.4.2 Harmful Fungi: 
1 a) Food-spoilage: Fungi cause tremendous amounts of spoilage of food- 


] stuff by many of the saprophytic fungi. 
Y Te 


b) " -diseases: Fungi cause a number of diseases in humanbeings 
e aspergillosis (ear, lungs disease), moniliasis (skin, E 
disease). 


Most of the fungi that cause skin diseases in humans, including 

athlete's foot and ringworm, are also fungi imperfecti. ! 
"P Plan . Fungi destroy many agricultural crops, fruits, 
TN (cete ai phe: kinds of plants. Some of the diseases are loose- 
1 smut of wheat, downy and powdery mildews etc. 


" ,cottonetc. 
^ Spoilage: Many fungi spoil leather-goods, wool, books, timber 


TE 
| 


P Sree tine lose, lignin and even et 
. s damages due to rusts and smu laa 
iptec 1 mass displacement and starvation to death at 


d Td (on grapes, rose, wheat etc.), ergot of ye, T 
Dei lato wilt, cotton root rot, apple scab and brown T 
pricots and cherries are some other common plant P 


: O - 31 | 
E. v. ! 
LO also cause certain animals diseases. Ring wo d athlete's foo 
superficial fungal infections caused by certain imperfect fingi. Candida albica 
— — yeast, causes oral and vaginal thrush. Histolplsmolysis is a serious infec a 
lungs caused by inhaling spores of a fungus which mmon in soil contaimin 
m bird's feces. If infection spreads into blood $tréam and then to others orgs 
ich is very occassional), it can be serious aù even fatal. Aspergillus fumig a 
faiieed aspergillosis, but only in person with defective immune system s h: 
AIDS and may cause death. Some strains-of'aspergillus flavus produce one 
most carcinogenic (cancer-causing) mycotoxins (toxins produced by fungi), calle 
aflatoxins. Aspergillus contaminatés-improperly stored grains such as peanu 1 
and corn etc. Milk, eggs and meat-may also have small traces of aflatoxin 
moldy human food or animal: forage product should be discarded. Ergot 
caused by eating bread from purple ergot- contaminated rye flour. T 
poisonous material in the ergot causes nervous spasm, convulsion, ps cit 
delusion and even gangtene. | 


n 


Saprobic i are not only useful recyclers but also cause incaleula 

damage to food d, fiber and leather by decomposing them. 15-50 per rs tage 
world’s ws ‘Jost each year due to fungal attack. Wood-rotting fungi des 6 roy 

. pay wind but also structural timber. Bracket/ shelf fungi cause lot c 

“4 i. t timber as well as stands of timber of living trees. 


mii 


A pink yeast (Rhodotorula). grows on shower curtains and ot 
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: h 1] A l 

£ E E. ET. Poenocytie body called pow ' A ga i ng Fi 
von n) yeast, ete. They are absorptive hetrotrophs. eg | 


re are four major division/phyla of fungi. Zygomycota, Ascomycota, 
id omycota and Deuteromycota. 


r divisions offungi are distinguished — OO: 


Sexual reproduction occurs by the fusion of vonage which contain 
numerous nuclei in zygomycota. 


he ascomycota are named for their M^ See structure, the 


nicroscopic, club-shaped ascus. «Y 


CHER are named for their charactefistic sexual reproductive structure, 
the basidium. 


— Mostofthe so-called Fungi Imperfeg&i àre ascomycota that have lost the ability 
toreproduce sexually. The fungi (hat are classified in this group, however, are 
simply those in which the sexualreproductive stages have not been observed. 


- Among the economically. important genera of fungi imperfecti are penicillium 
and aspergillus. ANO 
UNIS 


circle the correct choice: 
Which chemical substance is more resistant to decay? 
(a) Cellulose (b Cutin 


i 
Be 


u per pathogens e.g. powdery meldew belorigs to: 
(D Ascomycota KS 


(d Deuteromycota>~ 


ix 


Zygomycota Zygospore RY y^ 


Ascomycota Club-shaped Astocarp 
Deuteromycota No sexual reproduction 
Basidiomycota Club stiaped basidum 

— Which one is not basidiofayeota? 
(à Cup-Fungi Qv (D ^ Jelly-Fungi 
(c) sd Smut-Fungi 


Ascomycota 


Deuteromycota 


Histoplasmolysis 
Amoebiosis 
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Write detailed answers of the following questions: 


(i) What are fungi? Describe its one division in detail 
(ii) Write an essay on economic importance of fungi 


| (ii) ^ Describe nutrition and reproduction in fungi 


| (iu | What do you know about fungi? 
| reproduction in fungi. Q^ Describe fungal body ana 


(v) Give diagnostive features of four classes of fungi. 


3. Write short answers of the following questions: 
(i) Name the four groups of fungi with their Téproductive structures. 
(ii) What is the economic importance of yeast? 
(iii) ^ Why fungi imperfecti are so called? 


(iv) Why fungal non-septate hyphae are called coenocytic? 


(v) Why yeast is placed in fungi, when it is unicellular? 


4. Define the following terms: 
(i) Fungi (ii) Mycelium 


(iii) Zygomycota (iv) Ascomycota 


5. Distinguish between the following: 


fi) Zygomycota and ascomycota. 


(i) ^ Fungi and plants. 
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The terrestrial communities founded by plants transformed the biosphere. Consider, 
for example, that humans would not exist had it not been for the chain of 
evolutionary events that began when certain descendants of green algae first 
colonized land. 


The evolutionary history of the plant kingdom is a story of adaption to changing 
terrestrial conditions. 


150 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) .- 


TH 


So, how do we distin 
we are defining them are n 


guish plants from multicellular algae? First, plants as 


early all terrestrial organisms, although some 
t e T : plants, 
h as water lilies, have returned secondarily to water during theit evolution. 


Eu E E eem problems from living in watex,'ahd itis a set of 
p a productive adaptations for terrestrial living that 
distinguishes plants from algae. | 
j In terrestrial habitats, the resources a photosynthetic organism needs are 
found in two very different places: Light and carbon dioxide are mainly available 
above the ground, while water and mineral nutriettis are found mainly in the soil. 
Thus the complex bodies of plants show varying @egrees of structural specialization 
into subterranean and aerial organs—roots ánd leaf-bearing shoots, respectively. 
In most plants, exchange of carbon dioxide-and oxygen between the atmosphere 
and the photosynthetic interior of leayes-occurs via stomata, microscopic pores 
through the surfaces of leaves. 


Terrestrial adaptations of plant structure are complemented by chemical 
T adaptations. For example, aerial parts of most plants, such as leaves, have a waxy 
coating called a cuticle, which helps to prevent excessive water loss, a major 
problem on land. 


Plants are multicellular photosynthesizers that are adapted to living on land. All 
plants protegt their embryos from desiccation. 


The was NS of the cuticle are examples of secondary products, so named 
because theyare not produced by the primary, mainstream metabolic pathways 


common to all plant. 


: Another example of secondary products as terrestrial adaptations is lignin, 
the substance that hardens the cell walls of "woody" tissues in many plants. 


Asecondary product particularly important in the evolutionary move of plants 


ont to almost all kinds of 
onto land was ropollenin, a polymer that is resistant 
environmental an In fact, the fossil record of plants is due mainly to the 


ility of sporopollenin, lignin, and the materials of cuticles. 


d their — within patie, 
e (nonreproductive) cells that prevent T 
qe pss their development. The egg is fertilized w 
1, where the zygote develops into an embryo that is reta T e- 
ve time within the jacket of protective cells. In contrast, de 
das embryos within a parent. This difference is so fundam vni 
: sometimes referred to as embryophytes, a term that 

daptal - idem contributed to success on land. enpha 


plants may be defined as multicellular eukaryotes tha N osvnthe ka 
i (Chorophylious) with cell wal primarily made ulose 


F TS up , exhibiting 4 
erophorph alternation of generation and zygote tainobeome develops into 


v» 
"ICATION OF PLANTS i | 
| M pant biologists use the term division for the lnayor plant groups within the 


plant kingdom. This taxonomic category corresponds to phylum, the highest unit ^ 
| . of cla ssification within the animal kingdár): Divisions, like phyla, are festi 
ibdivided into classes, orders, families and genera. 


! s . The classification scheme used- Ìn this book recognizes two main groups 


(non vascular plat its) and tracheophyta (vascular plants). This 


on is based on the presen eor absence of vascular tissues. 


Eo cation of Plantae: 
(Non-vascular plants) 
> Hepaticae (Liverworts) 
Batbaceroine (Hornworts). 
a (Vascular plants) 


are semi-parasite on gamet 
seta and capsule. g ophytes having a body differentiated in to foot, 


- 9.2.1 General Characteristic 
The nonvascular 
together in a single divisi 


plant in and Amphibious nature: _ Q 
S; liverworts, hornworts and mosses are rouped 
on bryophyta (Gr, bryon, “moss’). | "CTS 


B ve display a key adaptation that first made the move onto land 
pos : the = ryophyte condition. Their gametes develop within gametangia. The 
male gametangium, known as an antheridium, producésflagellated sperm. In each 
female gametangium, of archegonium, one egg (ovurn) is produced. The egg is 
fertilized within the archegonium, and the zygote develops into an embryo within the 
protective jacket of the female organ. 


Even with their protected embryós; bryophytes are not totally liberated 
from their ancestral aquatic habitat. First of all, these plants need water to 
reproduce; their sperm, like those of most green algae, are flagellated and must 

pu swim from the antheridium to the archegonium to fertilize the egg. For many 
S). This} bryophyte species, a film of rainwater or dew is sufficient for fertilization to occur. 


Bryophytes lack the lipnin-fortified tissue required to support tall plants 


| ! ‘| on land. Although they\may sprawl horizontally as mats over a large surface, 
" bryophytes always have a low profile. Most are only 1-2 cm in height, and even 


the largest are usually less than 20 cm tall. 


There isfegülar heteromorphic alternation of generation with gametophyte is 
the dominant generation in the life cycles of bryophytes. 


"WS f : i i lants that have 
NN. include the inconspicuous liverworts and mosses, plani : 

E E pio. Bryophytes lack vascular tissue and fertilization requires 

an outside source of moisture. windblown spores disperse the species. 


Land habitat: 
9.2.2 CO iege that plants had invaded the land from the sea is found in 


that the land plants 
nian periods. All the biologist agree | 
c Babe MO ale ancestors. The conquest of the land must have 
be ome osea process. The plants had to become adapted by Gene 
ong an ^ 


is, so essential for autotrophs, are present abundany 

Jhs, in turn, provide a continuous supply of oxygen f 
isms in the sea. The temperature in the seas does not fluct | 
mperature on land. Hence, the aquatic environment is more untfons, 


a BA 


E 


*tte supp lied with some of the necessities of life than in the rigorous lang } 7 

- , E . - | | p 

|»... — . When plants invaded the land from the sea, they faced many problems such b 
po R* of obtaining and conserving water; of absorbing carbon don from the 2 
. A atmosphere for photosynthesis. WV > 
: t 

i 


i To solve these problems, land invading plants adopted, AN hselves first to 
| . amphibious-habit and later developed a complete terrestrial form of life. The 
amphibious form of land plants includes all the bryophytés. We will consider the 
| following adaptive characters exhibited by them. 


, ied: Rhizoids for water absorption 2. Conservation of water 
l 3. Absorption of CO, 4, Heterogamy 
oO Protection of reproductive cells ,. 6. Formation of embryos 


p Rhizoid for water absorption: 
l The study of Marchantia thallus'and other bryophytes show that they have 
rhizoids for water absorption. These 4rélong, filamentous extensions of the cells of 


a _ ^ 


the lower surface of the thallus. CO 
They greatly increase the surface ° Em. Cutin 
- for absorption of water fromthe Air chamber 
soil. ^S MN eee E 7 Partition of 
4 ^ e 1 S air chamber 
b. 2. Bonseryatiod df water: GE A CH OO SP photosynthetic 


The plant-Bedy called Re EH ria Ha rei CE : cells 


snliverworts. The cross 
on of this organism shows Pone 
ts thallus is many cell thick LI 
9.1). Of the hundreds of 
ds of cells comprising the 


Fig.9.1 A drawing of part of a 
sectioned marchantia th 


—o 


hiver- B tlie rate of evaporation nce called cutin. - 


- Fach pore rovid 
anching E Sots A air-chamber. This is partial "led with 
} ar - ten cells, CO, enters through the pores and 
Busto the cytoplasm. Bem SUE UN d cells in the air chambers and 


EN S the cel anching nature of the inners t f 
the thallu ls present a very large surface area available Vr absorption 


ne, evaporation of water can occur from the wet 
ating water, Mafefiantia has special 
ned. 6 
Heterogamy: Ke, 
. Heterogamy is the most successful kind of repretiuction that has evolved in 
bryophytes. It is defined as production of two diffefent types of gametes, one is male 
(motile) and the other is female (non-motile) full'of stored food. 
5 Protection of reproductive cells: 
The land environment requires.special protection for the reproductive 
tells. In amphibious plants, reproductive cells are very well protected as in 
Funaria (moss) plant. The male. gamete, (sperm) and female gamete, (ovum) are 
roduced in multicellular reproductive sex organs called antheridia and archegonia 
resp sctively. These organs are present at the apices of leafy shoots. Moreover, 
‘together with these organs. hair like structures called paraphyses are also 


piescrt which help to prevent drying of the sex organs. 


Formation-of embryos: 
rmation in amp 


, ore (zygote) is fo l 
: ors an divides, still inside the protective coverings of the 


hibious plants is of universal occurrence. The 
rmed inside the archegonium. An embryo 


: is aa nia. ES uc tine i formed by the female organ protect the growing 
ibryo fom drying out and from mechanical injury. 


The three classes of Bryophytes: 


petto dineron: ause thallus has lobed structure resembling the 
ed to treat complaints of the 


Thev named so bec 
Eun /have been the plant was once us 


ver. Also because 
NN " 


es are simple having foot, seta an 
"aq odi 


Thallus 
Gemma cup 


Thall A 
Rhizoids me CA 
Rhidoids - 


t Fig. 9.2 Maróhàntia 
2. Musci (Mosses): | 
The most familiar bryophytes are mosses. In contrast to other bryophytes 
they grow equally well in fairly dry;places. However, water is essential in the | 
reproduction. Amat of moss actullay Consists of many plants growing in a tight pack, | 
helping to hold one another. Each plant of the mat grips the substratum with | 
rhizoids. EM. '. 
f " The musci have  nametophyte with transitory prostrate stage called ^ 
protonema. It bears 2rect sexual branches which continue to grow has 
‘a indpendent plants after degeneration of protonema. The sexual branches are 
. differentiated in o Pseudo stem and leaves. The sporophyte 


—— consists of foot, seta and capsule. Capsule has photosynthetic 
cells. e.g. keys a, Sphagnum etc. 
 Anthocerotae (Hornworts): 
1worts resemble liverworts but are distinguished 
oro phytes, which are elongated capsules that 
rns from the matlike gametophyte (Fig. 9.3) e. g. 
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she sex organs called antheridia (male) and ther stem is branched or un branched. 


tswimming with the help of their flagellai 


of sugare cane secereted by mature 
erozoid fuses with the ovum to formrdiploid (2n) 


FERTILIZATIONY 


LSS Be Zygote 
Archegonia 4°" 
Spem 


Young 
sporophyte 


Antheridia 


Sporangium 


Mature 
sporophytes 


i 


Each pore mother cell divides by meiosis 


acl à 0) ¢germinates into a filamentous body called pr ae 
ophyte (haploid) develops from prtonema to complete life cycle ( 


aaa (The Vascular Plant): 

a " eThough most bryophytes live on land, in a sense they are not fully 

Mee teachieophytes. by contrast, have evolved a host of adaptations e 

environment that have enabled them to invade all the most, ospitable n 
ha ita ts. In the process they have diverged sufficiently fromt ‘one another. 

9.3.2 Major Groups of Vascular plants: 

The major groups of vascular plants are as folios 

Subdivision Psilopsida ( psilopsids) 
Subdivision Lycopsida (club mosses) 
Subdivision Sphenopsida (horse tails) 
Subdivision Pteropsida (ferns) 

Subdivision Spermopsida (séed plants) 

The subdivisions psilopsida, ly6opsida, spheynopsida and pteropsida are 
non flowering palnts and placed under a group called pteridophyta (Pteridos = 
pteris like; phyton = plant). Spermopsids have flowers and all have seeds and 
thus called spermatophyte (Sperma = seed; phyton = plant). Spermopsida are 
further divided into gymnosperms and angiosperms. 

All members of Trácheophytes (with a few minor exceptions) possess four 
pent characters; i) ‘a protective layer of sterile jacket cells around the 
repr si Ne. multicellular embryos retained within the archegonia, 
E al parts and iv) xylem. All are four fundamental adaptations 

stence. Many other such adaptations, absent in the earliest 

Es in more advanced member of the division; a history of the 
on ofthese adaptations is a history of the increasingly extensive exploitation 
re cit environment by vascular plants. Let us briefly trace the history 
ation to life on land. 


Ae ODE, 


W. Bierhorstof the university of M husetts 


ra i e 
aly ex Whether Psilotum and Tmespteris 
d in Psilopsida despite the differences between them and the 

f that class, from which they are separated by about 400 


h no intervening fossils. 


ng plants that lack leaves 
have no true roots, although 
have underground stems that 
bear unicellular rhizoids similar 
o root hairs (Fig. 9.5) The aerial 
stems are green and carry out 
photosynthesis. There is no 
cambium and hence no 
secondary growth. Sporangia 
Jevelop at the tips of some of the 
aerial branches. Within the underground stam 
sporangia meiosis produces 
haploid spores. 


Aerial branch 


> Underground branch 
with rhizoids 


Fig. 9.5” Psilotum: (a) Sporophyte (b) Gametophyte 


‘i 


Rhynia Illustrating Vascular Organization: 

One of the most primitive vascular plant is Rhynia, which is pteridophyte. 
Rhynia an extinct-ge! inis, was named often the village Rhynia of Scotland, where the 
first fossils of Rhynia were discovered. It belongs to Devonian period which started 
about 400 years ago. The fossils of this plant are so well preserved that the 


stomata are tact. 
|. The plant-body (Sporophyte) of Rhynia was simple (Fig. 9.6-a), it consisted of 
lende: . dichotomously branched creeping rhizome, bearing erect, dichotomously 


ied aerial stem. Instead of roots, rhizoids were given out from rhizome. The 
anches were leaf-less having terminal fusiform naked sporangia. 


nal structure of branches show a solid central core of vascular tissue 
rtex. The outer most layer is Epidermis having stomata. The 
ifferentiated into centrally placed xylem and surrounded by 


— MDCAI.BY FUTURE DOCTORS (TOUSEEF AHMAD) 


s 4 
s 


ty 


Fig 


n Q 
OSA So 


Fig. 9.6 (b) 
Rhynia gwynne:vaughani Kidston and Lang. 
Fig. 9.6 (a) (a) semidiagraíinmatic transverse section of an 
) Reconstruction of Rhynia ^ aerial branch. (b) Longitudinal section of a capsule, 


In Psilotum and Mesipteris the spores give rise to minute subterranean 
gametophytes. Each gametophyte bears both archegonia and antheridia and thus 
produces both eggs and sperm. When the gametes unite in fertilization, they form 
diploid zygotes that develop into. the sporophyte plants described above, thus 
completing the life cycle. Note that although the diploid sporophyte (stages) is more 
prominent in the modern génera and hence may be said to be dominant, the haploid 
gametophyte (stage 2) is‘still relatively large e.g. Psilophyton (fossil). 


EVOLUTION OF. THE LEAF 
The leaf is; the most important organ of a green plant because of its 


photosynthetic activity. It is very interesting to trace the origin of leaf in the green 
plants. 


NS 


ed by assuming 
ked stem. With 


ize of the out growth, the vascular tissues were also formed for the 
d support to the leaf. Another possibility is that a single veined le 
duction in size of a part of the leafless branching system ofthe | 
lant. This is how the leaf of Lycopodium (club mosses) and 


to existence (Fig. 9.7). 


The evolution of one-veined leaf (microphyllous) can be explain 
thata thorn like outgrowth (Enation) emerged on the surface ofthe na 


an increase in s 
supply of water an 
originated by a re 
primitive vascular p 
equistium (horse tail) came in 
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ng. 9.7 Adiagram 
V M peed Lees Whether Creemos 
A ged from naked b : 
Ey em of branches, as in fig: B, Pad vp uie i 
generations must have been required for the evolution 


to take place 


Many veined leaf 

(megaphyllous) originated 
much later. These are the 
'evolutionary modifications 
of the forked branching 
system in the primitive 
plants. The first step in the 
evolution of this leaf was 


the restriction of forked Primitive three Branches are all Areas between 
[ dimensional branching aligned in one plane branches become filled 
branches to a single plane. system with tissue 
E. branching system Fig. 9.8 The principle steps in the evolution of 
ame flat. The next step many veined leaf. 


in the evolution was filing 
the space between the branching and the vascular tissue. The leaf so formed looked 


like the web foot of.a duck (Fig. 9.8). 


2.  Lycopsidaà (The Club Mosses): 

The :ttepresentative of Lycopsida appeared in the middle of the Devonian 
period, almost 10 million years after the first psilopsida. During the late Devonian 
andthe Carboniferous periods these were among the dominant plants on land. Some 
of them were very large trees that formed the earth's first forests. Toward the end of 
the Paleozoic era, however, the group Was displaced by more advanced types x 
-Vascular plants, and only five genera are alive today. Two of these, Selaginella an 

Lycopodium (often-called running pine or ground pine), are common in many parts 


e most diverse and 


vascular plants evolved during the Silurian period. They are th 
/ distributed of the plants. 


E 
- 
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Fig. 9.9 (a) Selaginella Fig. 9.9 (b) 7a "^ | sn 
Lycopodíum phlegmaria | ty 
Unlike the Psilopsids, Lycopsids (Fig. 9.9-b) have frue roots. It is generally 2 
supposed that these arose from branches of the ancestral algae that penetrated the P 
soiland branched underground. Lycopsids also hávetrue leaves, which are thought : 
to have arisen as simple scale like outgrowth (emergence) from the outer tissues of 
the stem. f 
C 
Certain of the leaves that become specialized for reproduction bear sporangia | 
í 


on their surfaces. Such reproductive (fertile) leaves are called sporophylls. In many 
Lycopsids the sporophylls are congregated on a short length of stem and forma cone | 
like structure (strobilus) (Fig.9.9-c)vThe cone is rather club-shaped; hence the name 


"Club Mosses” for the Lycopsids, though Lycopsids are not related to the true 
mosses, which are bryophytes. 


* KS 
Fig. 9.9 (c) oda. A 
Selaginella oregana: DD r 2 
(a) Vertical section of a o = 
portion of a strobilus i= 
(b) Vertical section of a z 
microsporangium and * | 
(c) Vertical section of a 
macrosporangium. 


The spores produced by Lycopodium are all alike, and each can give rise” 
a gametophyte that will bear both archegonia and antheridia. However, =" 


Evolution of Seed: 


We have studied in Selaginella that two types of spores A) esent. One is 
smaller in size called microspore and the other bigger in size called megaspore. This 
type of condition is known as heterospory. These spores have different functions to 
perform. Instead of growing into a gametophyte of similar stfucture, the heterosporous 
plants produce two different gametophytes. Microspore grows into a sperm forming 
netophyte. The other kind megaspore, grows intó egg forming gametophyte. The 
kind of spores are formed in two different kírids of sporangia. These like the 
rangia of club mosses, horse tails and ferríshave become protected as a result 
the evolution of various enveloping structurés. The carboniferous era reveals some 
fern like plants that bore scale like structures. Each of their sporangia containing 
oneor more spores was nearly surrounded by outgrowth from the sporophyte. These 
Outgrowth were little branch like structures which during evolution have become 
fused as an envelop or integument around the sporangia. 


Br 


—  JIncontrast with othér green plants, in the seed plants megaspores are 
Cretained and protected inside the integumented sporangia. They develop into 
ye female gametophyte protected by integument. There are three steps in 
evolution of seed?(1) Origin of heterospory, (2) Development ofintegument 
he protectionsegasporangia of and (3) Retention of the mature megaspores 
n to develop female gametophyte. The examination of immature 
| reveals, that integument is not only a protective covering but also a food 
ying organ to the female gametophyte. The development of seed has given 
vascular plants better adaptation to their environment. 
ge he Horse tails): 
p E. ciao first appeared in the fossil record late in the Devonian 
etiod. They became a major component of the land flora during the Carboniferous 
d and then declined. Members of the one living genus, Equisetum (Fig. 
ommonly called horse tails. Though most of these are small (Less 
HIRR some of the ancient sphenopsids were large trees (Fig.9. 10-b). 
: coal we use today was formed from the dead bodies of these plants. 
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4. Pteropsida (The Kérns): 
In the opinion of many biologists, the ferns evolved from the Psilosida. They first 


appeared in the Devenian period and greatly increased in importance during the | 


Carboniferous period: Their decline late in the Paleozoic era was much lessseverethan | 


that of the Psilopsids, Lycopsids and Sphenopsids. There are many modern species 
belonging to this group. The ferns are fairly advanced with a very well developed 
vascular sy and with true roots, stems and leaves. The leaves are thought to have 
arisen in another way than those of the Lycopsids. Instead of emergence, they are 
probably flattened and web branched stems, i.e. a group of small terminal branches 
probably became arranged in the same plane and the interstices filled with tissue 


Such leaves are large and provide a much greater surface area for photosynthesis, 


than the emergence leaves of the Lycopsids and Sphenopsids. 


ng divided into numerous leaflets. In a few ferns (e.g. the large tree 
> tropics), the stem is upright, forming a trunk. But in most modern f 


____ The leaves of ferns are sometimes simple, but more often they are compour i 
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Fig. 9.14 (6) Sporophylls 
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Fig. 9,11(a) Dryopteris (Aspidium) 


In the non seed vascular plants, such ag fem, there is a dominant vascular sporophyte, 
Which produces windblown spores, These plants have an independent nonvascular 
gametophyte, and flagellated sperm swim in external water to reach the egg. 


d The large leafy fern “plant is the 
diploid sporophyte phase (Fig*9. 11-a). Spores 
are produced in spofangia located in 
clusters on the underside of some leaves 
Sporophylls) (Fig<OM l-b) In some species 
he sporophylls.are relatively little modified 
and look likectite nonreproductive leaves. 
nother spécies the sporophylls look quite 
ent from vegetative. leaves. Some 
they are so highly modified that they 


t look like leaves at all forming spike 
uctures instead. 


t modern ferns are homosporous 
E spores are alike. After 
he spores develop into 


bear both archegonia 
in. Oy Te), V we Fig. 9.11 (c) Fern gametophyte 
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: tiny (less than one centimetre wide), thin and often 


ect, the ferns (and also the three primitive groups of yaen, — 
d above) are no better adapted for life on land than the bry te s ar 
larized sporophytes can live in drier places and grow bigger, but for i 
' of reasons-because their non-vascularized free-living gametophytes e 

fe only in moist places, their sperms are flagellated and must have a Can] 
e through which to swim to the egg cells in the archegonia, and because thy 
young sporophyte develops directly from the zygote without passing through ary 
i seed like stage—these plants are most successful only in those habitat, 
where there is at least a moderate amount of moisture e.g.Pteris. | 9 j 

Ni 


Life cycle of a fern: SN 


i The life cycle of fern (Adiantum) or dryopteris shows hete®emorphic alternation 
of generation in which sporophytic-phase is dominant. All'ferns are homosporous 
producing single types of spores. 


Thesporophyte (2n) which is diploid, consist ofadyéntitious roots, underground ` 
stem a rhizome and pinnately compound leaves, 


Reproduction takes place by means of Haploid-spores formed from the spore- 
mother cells after meiosis inside sporangiunicA number of sporangia develope inside 
single sorus. 

The sori (plura! of sorus) are greeo but when ripe, they become dark brown. 
The leaves of bearing sori are called Sporophyll. 

Each sporangium consists of a stalk called sporangiophore and a biconvex 
capsule consisting of annulus and stomium. The annular cells are thickened 
whereas stomial cells are thin-walled. Within sporangium spore mother cells are 
present. Each spore mother cell divides by meiosis to form four haploid spores. The 
spores are liberated {trough stomium. 


Each sporé'on germination gives rise to miniature bisexual gametophyte 
called pro i 
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— — Archegonium consists of venter with an ovum and a neck and secret 
cid at maturity. Each antheridium produces a number of anthero20" i 
Anumber of sperms, by making chemotactic movement in water 
sonium. Only one sperm fuses with ovum to form oospore We ie, 
; 'oung sporophyte develops from the oospore. In the meat 
erate, in this way life cycle is completed (Fig. 9.12). A 
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Fig. 9.12 The life cycle. of a fern 


5. Spermopsida (The Seed plants): 

The seed plants have been by-far the most successful in fully exploiting 
the terrestrial environment. They first appeared in the late Devonian, and in the 
Carboniferous they soon replaced the lycopsids and sphenopsids as the 
dominant land plants, a poSition they still hold today. In these plants the 
gametophytes are even moretéduced than in the ferns, they are not photosynthetic 
or free-living, and the sperms of most modern species are not independent free- 
swimming flagellatedcells. In addition, the young embryo, together with a rich 
supply of nutrients;isenclosed within a desiccation-resistant seed coat and can 
remain dormant for extended periods if environmental conditions are unfavourable. 


The seéd plants have traditionally been divided into two groups, the 
Gymnospermae and the Angiospermae. 


i) The Gymnosperms: (Gymnos - Naked; Sperma - Seed) 

They have naked seeds because ovules are not covered by ovary. The first 
gymnosperms appeared in the fossil record in the late Devonian, some 350 
million years ago. Many of those first seed plants had bodies that closely 
resembled the ferns, and indeed for many years their fossils were thought to be 
fossils of ferns. Slowly, however, evidence accumulated that some of the “ferns 
that were such important components of the coal-age forests produced seeds, 
tspores. Today these fossil plants, usually called the seed ferns, are grouped 
ether as the class Pteridospermae of the subdivision Spermopsida. No members 


class survive today. 
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‘ihn Another ancient group, the cycads and their relatives, may have ~ 
the seed ferns. These plants first appeared in the Permian period and became, m 
abundant during the Mesozoic era. They had large palm like leaves; the palm i 
plants so often shown in pictures of the dinosaur age are usually cycads, not Mk 
palms. The cycads declined after the rise of angiosperms in the cretaceous Nos. 
but nine genera containing over a hundred species are in existence today (Fig 9. 13) | 


| 


They are generally called sago palms and are fairly common in some tropical] regions | 


iT 


DEC r9 
Fig. 9.14 Ginkgo biloba 


The Ginkgoae are still another widespread group now nearly extinct. There 
is only one living species, the Ginkgo (Fig. 9.14) or maidenhair tree, often planted 
as a lawn tree, but almost unknown in the wild. 

By far the best-known group of gymnosperms is the conifers. The leaves 


of most of these plants are small evergreen needles or scales with an internal 
arrangement of tissues that differs somewhat from that in angiosperms. 


Gymnosperms: 
Cycads* (division Cycadophyta) Ginkgo (divisionGinkgophyta) 


Gnetaeles (division Gnetophyta) Conifers (division oniferophyta) 


Let us follow in some detail the life cycle (Fig. 9.15) of Pinus longifolia(pim® 
tree) asan example ofthe seed method of reproduction. The large pinus treeis the dipl 
sporophyte stage. This tree produces reproductive structures called cones, of W 
thereare two kinds: large female cones (Fig. 9.16), in whose sporangia meiosis givesrise 
tohaploid megaspores, and small male cones, in whose sporangia meiosis givesrise 
haploid microspores (Fig. 9.17). (Production of distinctive ma 
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Fig. 9.15 Thelifé cycle of pinus longifolia 
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Fig. 9.17 L.S. of Male Cone 


le coné bears two sporangia on its 
ide the sporangium, producing four 


Each scale (megasporophyll) of a fema 
upper (adaxial) surface. Meiosis takes place ins 


haploid megaspores, three of 
which soon disintegrate. Next, the 
single remaining megaspore 
gives rise, by repeated mitotic 
divisions, to a multicellular 
mass, which is the female 
gametophyte (megagameto- 
phyte). When mature, the 
female gametophyte produces 

. two to five tiny archegonia at 
its micropylar end. jt cells 

| develop in th hegonia. 
| Note that egaspore is 
never released from the 
sporangium, and that the 
emale gametophyte derived 
ym it remains embedded in 
angium, which is still 
thecone scale. The 
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y microspores prods ! zd 
grain (Fig. Wim s meiosis in a sporangium of a male 
ving like 3 oe a thick coat, which is highly 

ctures on each side, which helps its 


E i") and that they constitute the male 


Y 4 
-" 


odes plants were the gymnosperms, which Abos naked 
sions of these plants are probably not closely related. 


ho. E po llen grains released by a pine tree fail tó each a female cone. But 

of the few that sift down between the scales of a femalé'cóne, some land in a sticky 

sec etion near the open micropylar end ofan ovule. As‘this secretion dries, itis drawn 

"through the micropyle, carrying the pollen grains with it. The arms ofthe integument 

around the micropyle then swell and close the opening. When a pollen grain comes 
‘in contact with the end of the sporangium4ust inside the micropyle, it develops a 
tubular outgrowth, the pollen tube. Tbe nucleus of the tube cell enters the tube, 
followed by the generative cell. The generative cell then divides, and one of the 
daughter cells thus produced divides again, producing two sperm cells. Thus a 
germinated pollen grain containsMour active nuclei plus the two nuclei of the 
degenerated cells; this six-nucleate condition is the male gametophyte. 


Fig. 9.19-b Germination of Seed 
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tire ovule is shed from the c 
a seed coat derived frog 


the tissue ofthe female Pa , ; 


— osperm. In the conifer life cycle, | 
o most typical example of ASYM "^ oie fertilization, the seed | 
slown pollen at -— copi im been protected within the b the 
elops trom the ovule, a structure tha ; the wind 
MEL cuan versis are uncovered and dispersed by ; Va 
= Cup Or Vessel (F ^ YX peram ec 
n fruit because ovulés are covered by ovar 


The Angiosperms: — 
They? losed i KG Y 

.. They have pr EU land flora of the Ceneaoic era. The reproductive 
Er ; E s. are flowers and the ovules ate enclosed within me difiec 
ES called: ls. - E 
E. ossia discribed as compressed reproductive shoot with fourw loris 
ENT ee may amens and carples; and which often 
nodified (floral) leaves called sepals, petals,etàm en 


ination and fertilization produces seeds within fruits. 


at 


Theangiosperms became the dominant land plants in the Cenozoic era. They 
have flowers, which attract pollifi3tórs and produce seeds enclosed by fruits. 


Also, their vascular tissue isamore complex than that of the gymnosperms? 


—— A Afloweris generally interpreted asa short length of stem with modifiedlez res 
ttached to it. The modi edleaves of a typical flower (Fig. 9.20) occur im four sets 
ed to the enlarged end thalamus (receptacle) of the flower stalk: (1) Thesepais 
ose and protec Sine other floral parts during the bud stage. They are usual} 
all, green, anddeaflike, but in some species they are large and brightly colou e 
ls fegether form the calyx. (2) Internal to the sepals are the petals, wii 
Athe corolla. In flowers pollinated by insects, birds, or other ani " 
als are usuall quite showy, but in those, pollinated by wind they ue" 
d or i oT absent. (3) Just inside the circle of the corolla are the 
re the male reproductive organs; i.e. they are the micro-sporophy!s 
Spores. All the stamens together form the androe ciun 
k, called filament, and a terminal ovoid pollen-P™ 
4) In the centre of the flower is the female repr 


Ye Species have more than one pistil per' 
ynoecium, Each pistil consists ofan 0 


a 


Corolla 


Fig. 9.20 Fhe parts of typical flower 


Each anther has four micro sporangiain Raphe—> : 


Lof which many celJg undergo meiosis, 
ducing numerous haploid microspores. 4 e i a MNA 
wallof each micrdéspore thickens, and the 
divides qpitotically, producing a 
ative nuc]éus and a tube nucleus. The 
ng nici Walled two-nucleate structure 
grain, a male gametophyte, which 
ed'from the anther when the mature wr 


e m^ 


porangium splits open. 


structures are 


n s, the rep ists of highly 


| the flower, which cons 


3! 
didi 


Ke emetophyte (embryo sac). One ofthe psi 
ni zygote thus formed develops into an embryo 
1e fertilization occurs. the two polar nuclei of the female. 

»mbined to form a diploid fusion nucleus, with which the 

es to form a triploid nucleus. This nucleus undergoes a series — 

n, and a triploid tissue, called endosperm. is formed. The endosperm 5 
n the seed as a source of stored food for the embryo. 

A a ouble fertilization is a special typer of fertilization which géelrs only in 

giospermic plants. During this proccess a sperm fuses with S ovum to form 
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Sperm fuses with Sc 
th secondary nucleus to form tríploid endo 


later releases the unharm 
iun in Fig. 922 ed seeds through its faeces. The lifé cycle ofan angiosperm 


| Ja SPERMOPSIDA AS SUCCESSFUL GROUP OF LAND PLANTS 


Having studied representatives of the major groups of land plants we can 
return to consider why the conifers and angiosperms are so well adapted to life on 
land. Their major advantage over other plants is related to their reproduction. Here 
"they are better adapted in three important ways. 


| (1) The gametophyte, generation is very reduced. It is always protected 
inside sporophyte tissue, on which itis totally dependent. In mosses and liverworts, 
Where the gametophyte is ‘conspicuous, and in ferns where it is a free-living 
prothallus, the gametophyte is susceptible to drying out. 


(2) Fertilization is not dependent on water as it is in other plant groups, 

440 the ovum. The male gametes of seed plants are non-motile and 
gp pollen grains that are suited for dispersal by wind or insect. Final 
fter pollination is by means of pollen tubes, the ova 


where sperms s 
carried with 
male gametes a 
within ovules. 


ering plants produce seeds. Development of seeds is 


| nifers and flow 
E o fovules and their contents on the parent sporophyte. 


e possible by the retention o 


— Other ways in which spermatophytes are adapted to life on land are 


je amounts of wood (secondary 


* 


) ing gaseous exchange between plant and a 
ow many other adaptations to hot dry environment. 


, ACCOUNT OF ROSACEAE, AES. MM GUMI 


IMILIES (FABACEAE, CAESALPINIACEAE, SACRA 
EAE WITH EMPHASIS ON FLORAL PARTS A "4 


| ROSACEAE: Rose Family ! | 
It has about 100 genera and 2000 species. found growing all over the earth, 


13 species of about 29 genera are reported from Pakistan. 


cence: Variable, solitary flowered to racemose and cymose cluster. 


wers: Bisexual and actinomorphic, hypogynous to epigonous. 


PF. 


lla: Petals 5, or numerous in müiltiple of 5, free imbricate rosaceous, large 
showy and usually conpicueus. 
Androecium: Numerous Mens, sometimes only 5 or 10 free usually bent 
inward in the bud state; anther small. 
iu n: A sim istil of 1 to numerous separate carpels or 2 to 5 carpels, 
oa compo d pistil, often adinate to the calyx tube; ovary superior to 
ovules usually 2 or more per carpel; plancentation basal when the carpe 


pous, but axile when the carpels are many and syncarpous; SU - 
any as the carpels, free or united, stigma linear, spathulate 9 | 


NY 


r a 9, g, Ks or (5 Cs ores? A, Gi or (2-5) or « 


: Rosaceous corolla, stamens numerous, po yandrou 
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Vertical section of flower Flower 
Fig. 9.23 , Rosaceae —Rosa Indica 
Ifare of mankind. The members of this family are important in temperate regions 
for fruit and ornamentals.Perhaps, they rank third in commercial importance in the 
temperate zone among thie families of flowring plants. 
b A 
A large nuer of plants are ornamental and all grown in gardens for their 


beauti: and scented flowers. Perhaps the most widely cultivated genus for 
e is Rosa. Many others genera are also grown for their beautiful 


ecorative giros 
owers in the parks and gardens. 


s and cotoneaster provide excellent walking sticks 


The ches of crataegu 
EU tia is used for making tobacco pipes. 


| wood. The wood of Pyruspas 


of common rose usually called gulabs are used 
d in extraction of an essential oil, rose oil, used 
the petals give Rose-water or Ark-Gulab, which 


‘AE : m shade or Potato y | 
)00 species belonging to about 90 genera found grow 
te regions. 52 species belonging to about 


Pakistan. » 

B S p 
cence: Typically an axillary cyme. 

: Bisexual usually fctinomorphic or weakly vg bracteat i 

e, hypogynous, usually penatamerous. i 


Ci yx: 5 united sepals, usually persistant. <a 
: 5 united petals, corolla rotate, tubular or infundibuliform. 


And um: 5 Stamens, polyandrous;*epípetalous inserted on the corolla tu 
and alternate with its lobes, at usually of unequal length. . 


Floral diagram<,_ 


wr») 
U* d 


(5: € 


c characters: Flower acting bs 
locular, obliqu morphic penta-mero 

EU , obliquely placed, placestation e fruit bony COE ig 
a = ; or capsule. 


Members of the family solana 

3 ceae provides d 

are poison p es drugs an 

Ee oe Ef S, and others are handsome pea ec TA some are weedy, 
s in the y are potato and tomato. A most important 


Other important food plants ar V 

E. € egg plant or brinjál vern: an frui 

'apsicum and capsicum frutenscens are rich in B eos C m ae ` 
* : s 


t. Physalis (Ground-che A 
EB à rry vern. Rasbhári) produces an edi i 
slosed in a bladder-like persistant calyx the husk;hence the name acl WE 


N Another plants of great commercial valuèis tobacco plant leaves of which are 
ed and made into tobacco, which is usedin making cigarettes. Many members of 
nily yield powerful alkaloids, e.g.\Atropa belladonna, Datura (james town 
which are rich in atropine and daturine respectively, which are used 


p ^ : y. 


_ Many plants are cultivated in the gardens for their beautiful flowers, these 
cludes Petunia, Nicotiana; Gestrum Schizanthus, Brunfelsia Solanum etc. 


Common names 
Potato 

Brinjal 

Tomato 
Red-pepper 
Petunia 

Black Night shade 
Thorn apple 
Tobacco 

Deadly Night shade 
Lady of the night 


Lycopersicumesculentum 
. Capsicum annum 
Petunia alba 


ygomo me bracteate, pedicellate, hypo-to perigynous 


mo 


I jonaceous, Petals 5, the odd outer petal is large an 
andard or vexillum, two lateral ones free called wings 
ise 0 forma boat-shaped structure called the ke 


SCE . 
x , 
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1 cium: 10 stamens, mostly diadelphous nine fusa to form sheath round th 
pis stal, While 10th posterior one is free. 


QN 


"Gynoecium: A simple pistil 1- carpeled, with4e Wicule: ovary superior; ovule 1 or 
more; style long, bent at its base flattened and hairy, stigma simple. 
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Floral formula 


Standard 
Wing 
Keel 
Flower 


Wing 


Keel Vertical section 
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m Pasi i ses Mung), 
A D i , O E ^ 
BE protein contents. Seolus vulgaris (kidn ). These 


F " Medicago sativa Alfalfa vern. Lusan is one of the world b. 
arses. Vicia, Melilotus and Trifolium are also culti main fodder crops. 


Va 
Many trees of this family provide excellent timber for bidding furniture and fuel. 


est forage crop for 


Ma n timber plants are butea, Dilburgia etc. C 
EN, The seed of Arachis hypogea Peanut or mdong phali are edible and also used 


! i for extraction of Peanut oil which after hydrógenation is used as a vegetable oil. 
- Indigo dyes are obtained from indigofera tinctatia (vern. Neel) and Butea monosperma, 
— yielding yellow dye from flowers. reu 
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Many plants of this family afe important for medicines, these include 
Glycyrrhiza glabra for caugh andcold, clitoria termatea used against snake bite. The 
— A red and white seeds of Abrus precatorious are used by jewellers as weights called 


—ratti. Some important ornaiental plants includes Lathyrus, Lupinus, Clitoria, 
= Butea etc. AN 


J Familiar Plants: 4“ 
| Q 
JA Botanical Common names 
E E. Sweet-pea 
Pea-nut 
? ea 
Ha Gram 
Dalbergia sisso Red-wood 


ag to 152 genera have been reported all over. 
jèr | ha e been reported from F di." os 


Delon; 


i 
ging to 16 gene 
d - I a 
» ' 
L] " -— 
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the posterior petal inner: i ^ " 
rous free or vario ashy ae 
taminodes present. _ 
ovary superior, unilocular placent 
ong; stigma simple. T 


af 
», 


. simple pistil of 1 carpel: 
.]-many; style 1 simple, | 


Fig. 9.27 Caesalpiniacceae—Cassia fistula — 


. eters: espalo 
. di S, 5 a 
In C 1C a rp " llary polypetalous, 10 stamens, DO [Y ‘al i ( 


[ iportance. | |w 
lave food us. me plants are ornamental, Sor 
E Other values. 2» 


ni: perpurea, Tamarin eus i 
ET ed in tanning. The heart wood of 
xylon (Long wood) yield the dye hematoxylin. i Q 4 


Common names : ioral names 
Tamarindus indica Tamarind . é Imli 
Cassia fistula Amaltus . XY 
Bauhinia verigata Camel's foot <\~ Kachnar 
Poinciana regia Flame of the forest Gul-e-mohar 
Parkinosia roxburgai Vilayati Kikar 


 MIMOSACEAE: Acacia Family 

; It has about 3000 species belonging to 56 genera are found growing in the 
world. 49 species of 11 genera have-been reported from Pakistan. 
Inflorescence: Racemose. 


T 


Flowers: Actinomorphic, bisexual, Hypogynous, bracteate; bract small. 
Ca : Usually of 5 sepáls imbricate or valvate, generally fused toothed or lobed, 
lostllypgreen. Q` 
| ; rolla: | , free or fused, corolla lobed. 
rolla 5 petals; valvate 


4 


eC: um: 5 to numerous stamens, free monadelphous, adnate to the base of 
- anther versatile often crowned by a decidous gland. 


aas: ! ilocular superior ovules many, 
jum: A simple pistil of I carpel, ovary uni 
lir dal, siye long filiform, stigma terminal minute. 


ormula: ©, of Ko, C; or (5)’ A,. or 10 or 4” iEn 
characters: 5 fused sepals, 5 free or fused petals, androecium 


lary. =| 
ual ys 


Stipular spins 


Portion of shoot 


d P Fruit `à. 


Floral diagram 
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p" Fig. 9.26 Mimosaceae (Leguminosae)—Acacia arabica 


omic importance: 
- Many trees of this family including Species of Acacia, Albizzia and Xyli 
vide commercially important wood, which is used for Wee f 
bare — rappam The wood of Albizzia lebbek is used in cabinet work andra 
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aee gum is obtained om Acacia nilotica and A. Senegal Kathaad i ay 
1ed from Acacia Po he tender leaves of Accacia nilotica are usedasbl 
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3c ne com nón Barden Plants grown for their beautiful flowers M 


cia melanoxylon. A few species of Prosopis are planted in theat 
ing thé wind pressure. 
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Common names Local name? 
Gumtree Bauble, $ 
Siris à 
Soa 

Prosopis 
ier 


I 4 


ract (glumes) which are Pod along a 
ers: Bisexual or unisexua] 
ute scales calle 
iroecium: It has usually 3, or 6 Stamens, anthers versatile 


noecium: It is tricarpellary syn 
perior, styles may be 2, stigmas feathery. 


1 formula: Tor ®, Sor Q or g E (Lodicules)’ Aor 3 + 


à Upper empty SS 


Superior palea 


Anther 
Feathery style 


"Inflorescence A lower without inferior pales 
D Fig. 9.28 Po aceae —— Ave 
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carpous or monocarpellary, 


er ' O0 
anth is represented by to min igni v fiyr mt > aba 
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^ ovary unilocular 
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3 or 0’ —l or (3) or O 


Floral diagram 


ood stu 


chief foc | E of L 1a 
Co Millets-Jawar, Bajra, Guar etc. 
bamboo-shoots are eaten as a vegetable or soup 
l and millet crops are given to animals as fodder. "$2 


Common names . QN 


Wheat MO 

Oats NOM 

Indian Corn €^ 

Rice G 

Barley, 
Pennisetum typhoideum Bajra ` 


p KEY POINTS 


@ Plants may now be definedás multicellular eukaryotes that are photosynthetic 
autotrophs where the zygote develops into an embryo. 


@ The gametophyte the dominant generation in the life cycles of bryophytes. 


: * E eu e most successful kind of reproduction that has evolved in 
nn. bryoph is defined as production of two different types of gametes, one is 
... male ( e) and the other is female (non-motile) full of stored food. 


The first representative of Lycopsida appeared in the middle of the Devonian 
riod, almost 10 million years after the first psilopsida. 


opsides first appeared in the fossil record late in the Devonian period. 
major component of the land flora during the Carboniferous 
en declined. Members of the one living genus, Equisetum. 
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The first gymnosperms a 
E 50 E ins ago, PPearedin the fossil record in the icc some 


_ Inthecentre ofthe flower is the femal : 
E ereproductiv 
(some species have more than one PU ps S m pistilor carpel 


j e 
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NECI uS 


Encircle the correct choice- 


(i) Tamarind belong to\taxonomic family: 
(a) Poaceae g (b) Brassicaceae 
(c) Solanaceae (d ^ Caesalpinaceae 


(ii) Filaments à part of: 


Petal 
| (), O Samen d 
i of 
(c) Stamen (d ^ Carpel 
Pollen grain are produced in: 
(a) Stigma (b) Ovary 
(d Ovule . 


A. () Anther 
wiermae. | (bh Ginkgoae.-. n amad T 


icn C )j § C : 


€ T "ur p of plants in which each spore ger mias into protonen D. 
Hepaticae VY 


= @ Bryophyta (b) AN 
p (c) Musci (d) Anthocerotae ^ 
_ Group of Tracheophytes having neither roano nor leaves: 
(a) Psilopsida (b)  Sph ida 
() Lycopsida à) Pe sida 
Taxonomic family in which ovary is obliquely placed: 


(a Rosaceae (bj)" Solanaceae 
(c) Poaceae ^^(d) ^ Caesalpinaceae 


Write detailed answers of the following questions: 
^ 
(i) Give general B and amphibious nature of Bryophytes- 


(ii) ^ Give salen feature of major groups of Tracheophytes. 
(iii) ^ What ds jou know about Kingdom Plantae? Give characteristics, 


ada to land habit and three main divisions of bryophyta. 
What are tracheophytes? Describe briefly the five major groups of them. 


PÄ w 
A^ " | a" Describe angiospermic flower. 


write short answers of the foll 
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Explain the term Heterogamy. at ite 


O 
(i) Name the four types of floral leaves 
(ii) ^ Name the different parts ofa dios! 
" ; 
(v) 
(vi) 


Explain thet 
E E rotate and papilionaceous corolla. 
ve economic importance of Poaceae. 


Wh 
at are the three steps in the evolution of seed? 
(vil) Why hornworts are so called? 


Wh 
(viii) y gymnosperms have nacked seeds but not angiosperms? 
(fix) — Whatis double fertilization? 


Define the following terms: 


(i) Kingdom plantea (ii) Bryophyta (iii) Tracheophyta 
(ivy | Heterospory (v) Gymfiosperm (vi) Angiosperm 
(vii) Flower viii) < Rosaceous corolla 

(ix) Perianth (x) floral formula 


Distinguish between the following: 


(i) Gynoecium of Rosaceae and Solanaceae 


(ii) Algae and Plants 
(iii) Bryophyta and Tracheophyta 
and Heterospory 


(iv) . *-Homospory 


chordates 
P (fohos, amphibians, birde, 
am, reptiles, mammals) 


arthropode 
(craba, insects, 
centipedes, spiders) 
echinoderme 
(eee urchins, sea 
stare, sea 
cucumbers) 


roundworms 
C(hookworme, farial 
worms) 


Ra 
Faa, flatworms 
E. (tapeworms, flukes, 


ate Y 


TP i 
eN planarians) 
a 
^ 


1 rere) a » à 
x - “22 =< a 
ih ae det 
(hydras, jellyfishes, ates - 1 
sea anemones) ^ Ex i : . 
— i , 
“ 2 its D " 
qe. a 4 C] 
/:35 i k 
” ni 
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"t 


protistan ancestors 


In this chapter we trace the long evolutionary history of the animals: in it we 


190 


E 2m ry M o 
OT , à sm. A total of about 1.3 i 


D An organism is a complete living being. 


— Animals range in size and 
‘qichoplax to the giant blue NE Puoi dr: tatis eee DR NE 
n at reaches a length 
40 Ec weighs more than 160,000 Kilograms (Fig. T ees 
E. 4 A E. iie o und animals that differs a great deal not only in size 
appe ut also in having virtually no organs to a hi j 
| ighl 
d organ system. The members of most of the phyla bes found in Pus 


vater or moist soil. True | 
Eu and dwelling forms are foundin phylum Arthropoda and 


| 


Blue whale 
(40 meters)... 


we ae o> ame 
Fossil brontosaurus 
(25 meters) 


Ostrich 
(2.5 meters) i v 
Whale shark 
f (18 meters) 
& Giant squid 
Human Fossil ammonite Elephant (18 meters) 
(2 meters) (2.1 meters) (3.4 meters) 
EN Fig. 10.1 Diversity in form and size 


to had arisen from an 
Such a diversified group 9 

ancestral colonial denne volvox like protist (protoctist) asa result of oe x 

labour among their aggregated cells. Some cells bec r move . 

thers into gametes. These co-ordinated 

s for nutrition and still others differentiated into £ eas that we now i 


I d more co 
Mee po n from the protists at least three times. 


ular 
Porifera), cnidarians (phylum € p capes oa 
helminthes) probably rep three sep ge 
evolved from a flatworm or € 


ne other animal phyla probably 
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= er N - 
^ ee stand such a large number of organisms ^ ) 
rder to be in groups. This arrangement presents a great dea, 8 
y to arrange 2 aa In the traditional two-kingdom system of c at 
uon sepia the multicellular animals were referred to as M ification 
ee ron o e-celled Protozoa. In modern five kingdom Classifica to 
. disti nguish E E ngo to kingdom Protoctista whereas the true : 
_ scheme, the Protozo Animalia. A true animal is now defined as "a eukary s | 
i E terotrophic (ingestive mode of feeding) wher which are diploig 
E 1 am £ froman embryo formed by the fusion of two dif ferent haploid gametes 
E^ qa E a smaller sperm". Most of animals are motile, a few, how ever, ar. 


sessile. ' | 
The kingdom Animalia is divided into 33 groups called phyla, out of which we 


— willdealwith only nine major ones. Each of these groups include a Sufficient number 
of species and individuals which play an important role inan ecological communi 
These major phyla are Porifera, Cnidaria, Platyhelmirithes, Nemathelminthes, 
Annelida, Mollusca, Arthropoda, Echinodermata and-Chordata (see chart No.1), 
Rest of the groups are called minor phyla. 


Arachnids 


Reptiles 


DR 


Crustaceans 


Amphibians 


Echinoderms 


Chordates 


Platyhelminthes (flatworms) 


> í ACOELOMATE ANCESTROL e 


Cnidarians Sponges 


ANCESTRAL PROTOCTIST 


velop mental Patterns: 


mal starts its life as a zygote, which is a diploid cell, formed as a result 


r structure, first a solid ball of cells risen. bos ha ee u 
ollow ball 


plastula. In most of the animals the blastula inv i.e. folds 
.e. fo 


Sperm <~_ \ 
ie ko £— Adult NS 


Ny p 
Zygote ^ 
L] 
2 cell stage + Future gut 
i Ettoderm ey! 
Mesoderm Rinses 
Endoderm 
4 celistage Ectoderm 
Endoderm 
8 cell stage 


Solid ball of cells 


~ Hollow ball of cells 
blastula 


FUTURE DOCTORS (TOUSEEF AH V "UU 
er. has a hollow sac having an 


). Further development and movement of ce 
/stem called an enteron if it is open at one end only . 


1 a second opening. 


details of further embryonic development differ widely from phy, 
"m but are fairly constant within each phylum. Such development; 4h! 
Ovide very important criteria for determining relationship between the nice ‘4 
2 " 2 Cellular Organization: 
Animal phyla described in the next pages are in approximate f 
Teasing complexity. All the animals are multicellular and their cells | 
‘eukaryotic. These cells are joined together into tissues, tissues into« - 
i | organs rans into organ-system. One phylum Porifera, is grouped in a:séparate sup 
d "kingdom Parazoa because its members lack a proper tissue organization, Rest of 
‘the eight phyla constituting sub-kingdom Eumetazoa (True Metazoans) haye 
| tissues organized into organs (in the lower groups) and organs into organ system, 
(in higher forms). 


10.1.3 Diploblastic and Triploblastic Organization: 

The process of gastrulation leads to the development of three tissue layers 
in almost all eumetazoa. These tissue layers, often called germ layers, are the 
masses of cell from which organ systems of-ànimals develop. These germ layers 
called ectoderm, endoderm and mesodertnare the outer, inner and middle layers, 
respectively. In Porifera any such fully-developed layer is lacking. In Cnidarians 
f 
7 


ik 


M 


H 
TS 

de 1 
i 
| 


) only two layers ectoderm and endodérm develop (Fig. 10.3) and they are called 
diploblastic. In the rest of the phyla, however, all the three germ layers are formed 
and hence they are called tripldblastic animals (Fig. 10.4). 


Ki ; Parenchyma 


Gastrodermis Muscles from 
mesoderm 


Exctretory duct Nerve cords 


Fig. 10.4 Triploblastic animal 


There are two branches of Eumetazoa. One consists of radially s 


animals can be divided ne overall sha — 


BILATERAL SYMMETRY 


*| I» 
IA 


Equal halves 


Un-equal halves 


10.1.5 Coelom: 
The bilaterally Mesoderm 


symmetrical animal phyla 


may be divided into three bebe: om 
groups: Acoelomata Mme Ur 4a N 
(Platyhelminthes) axe those Diestivo caviy Mrs Y 
Which lack a body cavity; Excretory duct Sauer 
Pseudocóèlomata HYDRA Newecod. "nou 
Coelom 


(Nematodes) are those 
| Which develop a body cavity 
>  butlacka true coelom. The 


Nerve cord 


rdata) are all those 
h develop a true 


JRE DOCTORS (TOUSEEF AHMAD) 
uito F <INGDON 
| digestive. ~pro-ductive and other organs c 
od / cavity, being lined by mesodermal layers, ; . 
though a body cavity which also encloses the intes, 
litting of mesoderm. Acoelomate animals have no ^ 


te of Blastopore: j 
nore is the opening which develops in an embryo at the gas 
This opel ing eventually forms either the mo 


uth or anus of the animal, “Re 


10.1.7 Protostomes and Deuterostomes: 

2 Pr s Donde animals are distinguished according to the fate of the blastopore 

. into two groups, the Protostomata and Deuterostomata (see Fig.10.2). In grout 
Protostomata (Proto = First; Stoma = Mouth) the blastopore eventually becomes 

- mouth of adult whereas in group deuterostomata (Deutere’= Second; Stoma < 
Mouth) the blastopore develops into anus and a second opening which develops 
later forms the mouth. Out of the major coelomate phyla-annelida, mollusca and 

— arthropoda are protostomates whereas echinodermata and chordata are 


-  deuterostomates. 


PHYLUM PORIFERA (Pore Bearing) 
Phylum porifera 
which includes about Osculum 
5,000 species are the 
simplest living animals 
usually called sponges. 
Theyaresocalled because  Fpidetmáicels - 
they have thousands of «F9 
pores called ostia or the 
incurrent pores through Middle layer 
which water enterS<And Spicules < 
oneorfewlargeropenings Amoebocyte 7 
called oscula current Spongeocoel 
pores through which 
water leaves the body. inner layer A 
— Theseporesareconnected  Choanocytes` ` 
. with a system of canals 
through which water 
flows. 


Outer layer 


Ostia 


. Spongesare usually 
asymmetrical, sessile, 
aquatic organisms. Most 
f them are marine 


nde n 
i ee 
WE -] 


out of the body or flow out through oscula. 


Ei m o 
n E ip ed may be a single cavity or divided and redivided into 
_ thousan mall chambers and canals thus increasing the apee area 


= available. Three types (Fig. 10.8) i.e. Ascon ty ingle cavi 
p . 10.8) i.e. pe (spongocoel single cavity, not 
: divided), Sycon type (spongocoel divided into ves 5 » 

ia type (spongocoel divided and redivided into seconda 
— canal systems are found in sponges. 


Osculum Osculum 


pyr 
a 


ary chambérs) and Leucon 
ry and tertiary chambers) of 


Y 


e 


k 


Osculum 


Incurrent.^ 
canals 


e 


a 
g 
2. 


es 


Spongocoel 
e 
a 
SNE 
Spongocoel 


Pinacoderm Flagellated chambers X ; 


iu C 
Ascon type Sycon type Leucon type 
Fig. 10.8 Canal system of sponges 


Between pinacocytes and choanocytes is a gelatinous mesenchyme which 
consists of amóebocytes and spicules. Spicules which may be calcareous or 
siliceous consititute the skeleton of sponges. The skeleton of bathroom sponges, 
however, is network of spongin fibres. Many sponges look coloured due to 
symbiotic algae or due to the presence of pigments in amoebocytes. 


1 A 10 cms sponge filters more than 20 litres of water everyday. 


Most sponges are hermaphrodite whereas in a few sexes are separate. 


bocytes. The sperms 
.— During sexual roduction eggs and sperms formed by amoe 
Uem carried eric current to neighbouring sponges where fertilization takes 
Coeli egg develops into a multicellular free swimming Amphiblastula 
whic settles to the bottom and grows into an adult. 


s conditions become favourable 
0), Euplectella (Fig. 10.11) and Euspongia | 


Osculum 


Fig. 10.11 Euplectella 


‘Sponges, with a skeletomof spongin fibre network, 
‘of commercial value being dried and used as bathroom 
ges. Sponge fishingand sponge culture was very 
mmon in the past thouigh in the recent years it has been 
'ery much replaced.by the artificial sponges. 

pr posee c s on the basis of skeleton are: 

"vw ee r Cran. 
xis N i) Icarea: Skeleton of needle shaped lime-crystals e.g. Ascon, oy 
" ii) Hexactinellida: Spicules silicious (glass material) with six rays ê$ 
E e.g. Euplectella. 
d) . Demospongiae: Skeleton of proteinacious fibers (spongin 47 
er with or without spicules. e.g. Spongilla, etc. Spicules when prea 
but never six rayed. E 


daria which includes about 9000 species is also | 
(with hollow enteron). This group of morph 


p: : Trigger Cnidocyte 
Lr Lid 


bv 


Nematocyst 


e 
Thread 


Ectoderm 


Endoderm 


Fig. 10.13 Cnidocytes and Nematocysts 


All cnidarians are carnivorous. They paralyse or kill their prey with the help 
of special'stinging cells called cnidocytes (Fig. 10.13), hence the name cnidaria. 


E252) Ps 1. 


* 10.3.1 Diploblastic Organization: 
Cnidarians are called diploblastic animals because their body wall is 


two cellular layers, an outer ectoderm and an inner endoderm (Fig. 
these two cellular layers is a plate of non-cellular gelatinous 
The cellular layers in cnidarians are more complex than 

eactivities are co-ordinated to form tissues. 


* composed of 
10.14). In between 
mass called mesogloea. 


ka, ah rifera and consist of cells whos 
E is are considered to have evolved to tissue grade of organization but lack 


ve Uu o dis in body l 
and tentacles situated at the uppe 

ella shaped whose mouth and tentacles 2 

Sea anemone and Corals occur only in polyp fe 
yle whereas Jelly fish occurs only in medusa form 
. motile life style. a 


5^ 


P —* 


Mouth Trypostome iit 
T VH Batteries 
gay of nematocysts 
Epidermis 
Mesogloea 


I^ Tentacle 


Gastrode: ree 


Gastrodermis 


Mesegloea 


Gastrovascular 
cavity 


Secretory granules 


Fig. 10.14, ‘LS of Hydra 


v € os S 
ad Alternati fof Generation: 
E Some cni s alternate between two body types during their lifecye ai 


Fig. 1C -16 (a) Planula Larva 


un 


«qn 


Met | 
—— " UR d. l 
"D Drod. ces we. S pem ier: 


( form and vice 


ration (Fig. 10.16-b) — 4 
.3 Polymorphism: 


Many cnidarians live as a part of a TP 
i colony in which many individuals 
come physically attached to one another 
ad occur in many different forms or zooids. 
these zooids are interdependent and perform í í | 
pecial function for whole of the colony. This ~- ©°0n9zooid | : 
S es an efficient division of labour. Itisa : 
‘common feature of hydrozoan colonies. The 999rezooid LAN d 
ce of a species in two or more Ten ae (1 


! 
i | 


Smaller 
dactylozooid 


Y 
í * i 
VN 
e 


[ 


^ 


rc : : ‘ à ‘AY: Larger 
Structurally and functionally different kind of Pale 1 ^ it duct tenet 


ooids is known as Polymorphism. Physalia 


(Pig. 10.17) is a common example of a 


polymorphic colony in which many typesof 
polypoid and medusoid forms live together, in 
lacolony, and perform specific funetions. 


Fig. 10.17 Physalia(A colony) 


10.3.4 Corals and Coral reefs: 

Many polypoid cnidarians secrete certain chemicals which form a hard but 
dead protective covering around them. These coverings are of various shapes, sizes 
an ‘sition and are called corals. Coral reefs are underwater lime- 


and chemica! a 
stone ridges n e surface of the sea. These are usually formed by the combined 
: CT ions Aa species of coelenterates and other carbon precipitating protoctist 
rganis ©) al reefs which are usually restricted to warm shallow waters provide 
| MSN a ies. Great Barrier Reef of Australia’s 
en 


arine speci 
cheep ed of ae Jewellery and other decorative items 


e name of 'MARJAN' is used by 


a lg 
71 V 


tern coast is spread over hundr 
ca ved from the red corals. Red coral by th 


keems in preparing eastern medicines. 
è 


nidarians have evolved along one of 


logeny: 
other phylum of animals is thought 


Se tthe c 
genetically it is believed tha 
he 18 de from protoctista. No 


Pei TORS ROUSE ER AM OO) aa 
— : KINGDOM A 
& three classes based upon the dominnant p 


zoa: Mesoglea noncellular, both polypoid and medusoid 


»es showing alternation of generation e.g. Hydra, Obelia 
. Physalia (portuguese man of war). : 


Scyphozoa: Mesoglea cellular; predominatly 


medusoid e.g. 
Aurelia (Jelly fish). Polyp occurs during development. 
Anthozoa: Mesoglea fibrous, polpoids forms only e.g corals, 
sea-anemone. x 
Tm Exumbrella surface i 
213 Gonads ss Radial canals 
~~“ Tentacles at SS d 
g^ ite, 2 zu P tese 
Y Z — ' i$ S 
d SS M SS Mm 3 ' Velarium 
ff NEL SN EN ^ Hypostome trains i 
Zh ( p We Ne p Marginal 
/A tentacles 
Y 
7 N 
/ | ^ Oral arms 
| 4.3 ) Testes Fig. 10.19 Aurelia 
1E 
A. Body 
A 
Bud r Crown of Oral disc Mouth 
Ovary tentacles 
na 
Ovum ie) 
Collar 
x capus or column 
Pedal disc 


. 10.18 Hydra 
Fig y Pedal disc 


VI! 


* as circulatory and ; A rudimentary nervous system pape 6 
atory —-—D are not needed | 
e at sen i 


‘i Eye hats 
. Flat worm are mostly Auricle N 
k p arodite with complex life cycles Dorsal surf 
aay include many larval Stages. a 
mostly external or internal Ventral surface fg Ciliated zone 


5 of animals to which they 
attached by their special 
sive organs, the hooks and 
s (Fig. 10.21). These parasitic 
ms complete their life cycle in 
le or two hosts hence called 
nogenic, when one hostis involved pharynx 


and Digenic, when two animal hosts” SòRsaL view LATERALVIEW VENTRAL VIEW 
are involved. i Fig. 10.21 Dugesia 


Common examples, of Platyhelminthes are Dugesia (Planaria 
10.21), Fasciola (Liver fitiKe Fig. 10.22) and Taenia saginata (Tape worm Fig. 


Mouth 


, Gonopore 
A — Everted 
à pharynx 


Noses of 


e." ease te pin ja 


ns ( dd st bo t E TIS ortis. suckers and hoc 
aprilis J| the locomotory organs whick A "yes 
Is. Alimente ME fa recused. eve abe ED | not neede n 
MR food from host. Neuroeensory organs SE idu i 
assive mode of life. Reproductive system is very much developed 1. 
reproductive organs is present in almost every segment. Fertil as- | 
h to cope with chances of danger from the defence mechanism of the host 


Q 
— — tis worth while to be aware of parasitic worms because NS | 
multiph rapidly and are wide spread. Many are spread due to poor sanitary ^ 


col aditions. Hygienic living, careful inspection of edibles ang me. cooking of 
tare the ways to avoid their infection. 


A | 


Ü 
B There are three classes in this phylum, aco 4 to their mode of living. 


i) Turbelaria (Turbella = A little stig): Free living, e.g.Dugesia 
(Planaria). 


ii) Trematoda (Trema = hole, cavity of sucker): Ecto or endoparasites; 
alimentary canal bifurcated:e.g. Fasciola hepatica (sheep liver - fluke). 


iii) Cestoda (Kestos = ribbon, eidos = like): Exclusively endo parasite; 
s alimentary canal absent, body ribbon shaped e.g.Taenia saginata 
I" (Beef tape - worm). | 


— 2 eUINTHES — ASCHELMINTHES 


» 


(Ther a E- 
leony called round worms are the most wide spread 
da os itr E earth. Though about 20,000 species have been identified, 
ible numbers of nematodes are found every where particularly in the soil. In 
unt 90 i" )round worms of several different species were found withina single 


la «e ninthes, which range in their size, from microscopic forms to a 9 À 
ve long bilaterally symmetrical, triploblastic and cylindrical bodies 
Yi They arbi constructed as a tube withina tube tube body plan. at i» 
y simple straight digestive tract with mouth and anus z i 


b E ina campie body well being oova 
*s is a fluid filled body cavity, the pseudoc 


Excretory 
po 
Lateral line 


Gonopore 


SOOO e 


Cloacal 
aperture 


TEE ire tren 
Os 


cT 


ai = 
Penial setae or spicules 
MALE 


Fig..10;25 
Elephantiasis 


cU 
FEMALE 
Fig. 10.24 Ascaris 


Round worms have a varied mode of existence from free living scavengers to 

c on animals and even plants. At least 50 different species of 
n body. Millions of human beings in the world 
) alone. It is the most common human round 


rm and lives as an endoparasite in the intestine of man. They, like other 


nematodes, are sexually dimorphic, males being shorter than females. Enormous 
number of eggs are produced by females. Their eggs containing the developing 
embryo enter. the human body with contaminated food or water. 

| ama ^ Ascaris may produce as many as 2,00,000 eggs every day. 
The thread worm like Wuc hereriatransmitted by blood sucking mosquitoes 
lhabit the lymphatic vessels of many animals including man where it phat os ^ 
Seas excessive inflammation oflegs, arms an scrotum; 

E. called Filariasiscausinn r common nematode parasite 


ey asis (Fig. 10.25). Anothe 
peecalled giephent ea larva can penetrate through the skin of man 


es and sucks the blood. 


predators and parasiti 
TC ind worms can inhabit the huma 
are infected with Ascaris (Fig. 10.24 


ostoma, the Hook worm W. 
it matur 


reach the intestine where 


a B Grontes with an organ system level of wee Janiz: 
on is said to be metameric because external segmentation. 
internal segmentation and some of their organs such $ 


T Y their Dodv 
chaetae also called setae with or without parapodia are usually 
the most of annelids and help in locomotion ip o some annelids - 
perform this function. The excretory organs are a pair or more, tubular 
dia per segment. Digestive, excretory, nervous arid reproductive Systems. 
il developed. Respiration takes place by diffusiorrthrough the moist skin. 
da is the first group to have a circulatory system? of closed type with definite 
vessels and many pulsatile hearts. Blood is\wsually red with haemoglobin 


Annelids live on land, in moist soil, frt fresh water or in sea. Many annelids 
"are active free swimming predators, somie-are aquatic filter feeder living in tubes 
ed in mud whereas leeches are ectoparasites and suck the blood of their host. 
eare also many type of burrowing forms called the earthworms, which feed upon 


id organic matter. 

— y the most ancient annelids, are supposed to have evolved from 
s flatworm like ancestor in the sea. Oligochaetes evolved from polychaetes 
s leeches evolved from oligochaetes. 


sed -— Phylum Annelida is divided into three classes mainly on the basis of number 
a nd type of mei 


lass Polychaeta (With many setae): 
Polychaetes are usually free living active swimmers or sedentary filter feeding 

> ms. They are mostly marine having a pair of lateral flap like fleshy lobes - 
coy. Each parapodium has a bundle otk ha - 
Behactae. Sexes are usually separate. Development passes t: 
es ar E . Common examples are Sabella Peacock won and 
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ventral view 


Fig. 10.27 Pheretima 
Hirudinea (Leeches): 


This group of annelids includes théleéches, Prostomium Eyes 
which setae and parapodia bothrare absent 'AERC/ Anterior sucker A 
ir tead an anterior and a posteriar Suckers are ole =] 
resent for blood sucking and aftachment. Some 
are free living predator whereas others are 
ctoparasite of verte-brates and invertebrates. 


Sy live usually in fresh water and are all 7. 
ermaphroc te. Conampon example is Hirudinaria if 


| I. 10.28) the córamon Indian leech. 


_ TA substance in a leech's saliva called 
air Y prevents blood from clotting. 


Mouth Prostomium 


7 . Advantages of Segmentation and 
jq. s flexibility p : 


Segmentation wem 
“> TiVUue parts of the efi tte | 
3 nth of the bey sl The 
or burrowing 


: voll 
ing farmer is friend, peonsenit cuna beneficial a 
the farmers by continuously ploughing the soll ar 
stes into it, thus making the soil more fertile. They a 
> and Indians in preparation of various fancy medicine. M i 
bait, as food of fish and also in laboratories for dissectig ones 


Leeches are ectoparasites and suck the blood of their aquatic hosts. The, 
inremote areas, for sucking foul blood from a patient. A also ca 


mE 
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J PHYLUM MOLLUSCA (Soft Bodied) : v 
“Mollusca are soft bodied animals; most have an exiérnal and some hay " 


inte terna shell. About 50,000 species of living and 35, 000.6f fossil mollusca haves, 


fe rt seen described making it the second largest phylum after Arthropoda. 


Asagroup mollusca underwent 
one of the most remarkable of animal 
evolutionary radiation in shape and sona: 
alsoin size. The smallest molluscs are 
than the sand grain whereas Gill 
pant squids, the largest 
Hebrate known, may grow;to 18 Mante cavity 
= rs long (including the E 
ind 1800 Kg. in weight. .' 


Intestine 


the alluscs are W3 
te, bilaterally Head ' 
d mals with organ- Radula | 
ie p organization. 
y gmented. Though 
uced aia 


ean 
and by a rudimenta 1OY hae 


ug Practhiace have terrest 
'acters (Fig. 10. a varied body forms ve 
yet t] 


Amante which is a fold of Fiat Se tis 
S 


ue, 
- In most of the molluscs sexes , surrounding the entire body. 
are separat 
E... E through a trochophore noe a hate takea qM NM | 
nell so hav ! 
on e a trochophore larval stage it i €. As the anin f phylum 
nd molluscs are related. s believed that nted worms 


$^ 


l'as 

Bp phylum mollusca is usually divided into sik esee M j 
smphineura, Sca ids. 

! ; phopoda, Gastropoda, Bivalvia and ‘Cephalopod oplacophora, 

hree classes will be discussed here. phalopeda quit E 


Class Gastropoda (Foot on visceral mass): 


This is the largest class of 
mollusca which includes whelks, 
s and slugs. They are mostly | 
marine, though some live infresh visceral mass 
waterand still others are terrestrial. 
ny RN Secondarily, 


Head 
Supra marginal 


2 E metrical by ‘Re twisting of Mantle 
groove 
: - mass at 180? by a | 
The Right — XX Left 
called torsion. Y — pseudepipodium WEB pseudepipodium 
Eye 


he nom 


havea prominent head andabroad operculum 


a lar foot developed oP the 
ral l mass. External shell may 1st tentacle 2nd tentacle 
a resent or absent, whenever 
sen ia me spirally coiled | 
p Fig. 10.30 Pila 
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| 2 halves): | 
ne second largest class of phylum Mollusca. They ; 
bodies are enclosed in a shell which consists of 4. 
| es called valves are movably hinged together. The m- 
laterally compressed suited for creeping and burrowing in 
alves are both marine and fresh water forms. Common ey. 


E Unio (Fig. 10.31-a), Mytilus and Pear! Oysters (Fig. 10.31-b), 
— 


mp) 
Hinge ligament Lines of growth Hinge 


Byssal threads ~ 


Shell valve 


Left shell valve 
m ; Finger like projection 
ee 1032(9 Unio Fig. 10.31 (b) Pearl Oyster 

_ Class Cephalopoda (Foot on the head): 

t T Cephalopods are all marine and exhibita high degree of development. Foot 
M incephalopods is transformed into suckersbearing tentacles and arms. Itis present 
^ ingaround the mouth. Nautilus, Sepia (cuttle fish), Loligo (Squids) and Octopus 
vil fish) are the common cephalopods. Nautilus (Fig. 10.32-a) has an external 
Eye Shell 
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Oral arms 
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Fig. 10.32 (a) FANA d Suckers. 
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molluscs 
studies ana € been used by 


‘is a mixture of calcium carbonate 
1, In some bivalve molluscs, called Pear] ter. 

ysitec pound any foreign particle that comes to li beret. at and de 
^l This particle transforms into the most be ewellery item, 
"n a 

]. Pearl culture industry is being succe ess : Chi 


ssf 
lly introducing the fragment of man made € pan and China by 


J oysters. A ot a variety of shapes, 


IT] PHYLUM ARTHROPODA (Jointed legs). ^ 
== Arthropoda is the largest phylum ofthe animal kingdom, and includes about 
one million species. They are found everywhere on the earth wherever the life is 
}ossible, even in the oil wells. Arthropods are bilaterally symmetrical, triploblastic 
3metamerically segmented animals: The bodies of the most of arthropods are 
sd into a head, a thorax and an abdomen. Coelomic space in arthropoda is 
sd haemocoel because it is occupied by blood sinuses of the open circulatory 
tem Respiration takes place through gills in aquatic forms, by tracheae in insects 
by book-lungs in scorpiens: Alimentary canal is well developed and — by 
Excretory organs are m0 stly malpighian tubules. Nervous systemis gr — 
and of annelidan type: Compound eyes with mosaic vision is also x 2 = M 
rar tage in arthropods. Sexes are usually separate and metamorp 


‘common occurrence. 


to its developed adult form. 


- "a yo iva 
10.8.1 M. jorphosis: 
í hich transforms a larva egg in an immature 


Itis®set of changes W wie 
is a creature which in some animals, comes ou 


lund eveloped stage. larva hatchesoutofthe eggand 


letewhen? into an adult. 
Metamo sis is said to be comp turn transforms 
los into E upa which ai which a tiny, imma 
plete metamorp 


eton, jointed ap 
! emer E: in this group is their jointed 
Due appendages serve many functions 
ing, food capture, copulation and sensory perceptions, 


T er important Head Thorax Abdomen 
oske cgo whic 
Su. '* Prothorax 
and appendages. ue TF 
exoskeleton is water 
roof and made up of chitin. IB 
X Ee and as the Compound eye, k areo- - 5 i ‘iL? ~ 
nal outgrows it is shed ai Mes fa LT 
Spiracles | 
S mechanism of regular Metathoraóe 1 
E overofexoskeleton Arthropoda: Body divisions x 
Hardend > 
" (and formation of the new Unique $ensory-drgáns abe 


one is called Moulting or \\ | 


Simple eye 


» The evolution of MS 
- exoskeleton and jointed legs i 
are the most important 
features which made the Specialized eie 
. distribution of arthropods itas 
that much diversified so as Sbrendies is 
to make them the most i 
-.. successful group of animals. 
p. Exoskeleton Rony 
ects pee Dodyy pans but 
) sites E usce 
hment which together 
the advantage of 
ed jointed appen- 
sulted in efficient l 
s in water and M 
an Further 


Muscles. “gam 


: Echinodermata 
- Mollusca 8.095 
» All Worms 

Annelida 0.75% 
Nematoda 1.5% 
Platyhelminthes 0.75% 

6. Poriferaandcnidaria . 4.5% 

Na 


Insecta 75% 
(over 8,50,000 species) 


About 80% of the animal species are arthropods and 90% of the arthropeds are insects | 
10.8.3 Economics Importance: « C 


) Arthropods ate of great economic importance.Phé predominant group of 
arthropoda, the insects, not only helps in pollinatigri:but also predates on plant 
pest. Many cause diseases, in plant and animals, by transmitting bacteria and 
viruses. In human beings they are responsible for the transmission of Trypanosoma, 
Plasmodium and germs of cholera etc. Afthropods are an important source of 
food for many animals and carnivorous plants. Sea food, that is not fish or molluse, 
‘isgenerally arthropods. Farming of honey bees called apiculture and those of silk 
worms called sericulture are being carried out at a large scale and are of great 
economic importance to mankind: Phylum Arthropoda is divided into following five 


id | TC Carapace 
Class Merostomata (mouth plates): x 
It is a small group of marine arthropods in 


m. ny small plates. It \ 
Which mouth is surrounded by many *^" | 
includes Limulus (Fig. 10. 34) the King Crab which is 


‘considered a living fossil. 
? M Limulus 
Ck ss Arachnida (spider - «i rthropods with four pairs of walking legs. They 


— [tis a group of terres body surface. The most well 


Fig. 10.34 | 


ir 
iaceo 10580 T Gd 


nest and webs for trapping the preys. 
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i: Fig. 10.35 (a) L Fig. 10.35. (b) Spider 
"n Scorpion 
"y Telson 
Ton 
v Class Crustacea (with carpaee): 
T Prawns, shrimps, lobsters, crabs and many other arthropods belong to this 


. class. They are marine, fresh water and evén terrestrial creatures. Crustaceans 
. possess two pairs of antennae, a pair of nfandibles and two pairs of maxillae around 

_ their mouth. The body is divided into head, thorax and abdomen. In many cases, 6g, 

_ prawn (Fig. 10.36-a), crab (Fig. 10;36-b), head and thorax become fused to form 
—eephalothorax which is covered over by a single plate of exoskeleton called 
_ carapace. Their appendages are modified for walking, swimming, feeding, respiration — 
| andas accessory respiratory structures. There are usually five pairs of walkinglegs: 
Majority of crustaceans are free living whereas a few e.g. Sacculina are parasite. 
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riapoda (many legs): 


ofa = and a very lon pods leading 

sa pair of antennae En oe 
s includes Centipedes (Fig. 1 
with two pairs of Eai 


per s segment, 
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Walking legs Stigmata Trunk Maxiliped : 


"e 
5 j Ant 
| | | (poison claw) Ñ pe 
Fig. 10.37 (a) Centipede 
Trunk Openings of glands Terminal spine 


' * 
is : or telson 


\ 
Walking legs Anus 
Fig. 10.37 (b) Millipede 


Antenna 
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s Insecta or Hexapoda (six legs): 
This is the latgest class of the anima 
"lhearthropod species. Members of this large group 
iscalled entomology. Insect body is divided into 
Sis also'càlled Hexapoda because they, possess on their thorax three pairs of 
king lepS. They are found in all types of habitats but majority are terrestrial. The 
ss ofinsects can partly be attributed to the development of flight. In ae bete 
two pairs of wings develop dorsally on thorax. The group oil es hime 
ed Pte ta whereas the group without wings Is called Apteruge 
rygo ts have developed many 


ennae on head is also a ch tic of insects. Insec 


] kingdom. It includes more than 9096 of 
are called insects and their study 
head, thorax and abdomen. This 


aracteris 


mode of feeding. They may babin 
e as in mosqui to, chewing 
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] whereas rat fleas are involved in the transmission ofa de. 
sue. Grasshoppers, moths, butter flies and beetles are 


garde 


s. Cockroaches (Fig. 10.38-b) are very common in warm damp në 
ang our kitchens and bath rooms whereas silver fish (Fig. 10.38-c). a 4 ^ 
+ 1s found in the book shelves. : 
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Fig. 10.38 (a) “Mosquito 
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ects — a successful group: NF 
found everywhere in the world from low land upto the t 
from hot springs to Antaratican temp: of — 65°C. They are eV". 
is great diversity of habitats has become possible due ^. 
ysiological modifications and social adaptations the1n?" 


potential and metamorp 


* : À — DA rk (Spiny Skinned) 

E. about 6000 

E their lives as free Panis b adi — marine 
ts they have radially symmetrical bodies. As the bodies of Most of ‘the 


erms have five symmetricall 
B iPentamerous). y radiating parts or arms * are referred to as 


None of the Echinoderms lives out of the. $5] 


Adult echinoderms though lack head, brain and Segmentation; are triploblastic, 
nate deuterostomes with organ-system grade of body organization. The body 
sred over by a delicate epidermis stretched over a firm endoskeleton of fixed or 
ble calcareous plates with spines. These$pines, which are present all over the 
may be long as in Sea Urchin or short'as in sand dollars. These spines are the 
acteristic of this group and inspired the name Echinodermata. The calcareous 
tes covering tlie body are perforated over certain areas through which special 
ns the tube feet project out, ThieSe thousands of tube feet area part ofa unique 
sy vascular system (Fig. 10:39) which is also a characteristic of echinodermata. 
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e feet serve for locomotion, +p 

ng of food and respiration. Most p 
hinoderms exhibit the remarkable 
wer to regenerate their lost parts. 


. Reproduction is usually sexual. In 

Some cases, however, it is asexual. 
Development is indirect passing 
usually through a bipinnaria larval 
stage. Common echinodermsare star 
fish (Fig. 10.40), brittle star (Fig. 10.41), 
sea cucumber (Fig. 10.42) and sea 


Fig. 10:41 Brittle star 


Crown of 


10 dendrite tentacles Ambulacra Peristome 


we 
y ^ Tube feet 


d L Anus V 
Fig. 10.42 cater Interambulacra Spines 
10.9.1 Affini Fig. 10.43 Sea urchin 

in i ties: 


Affinities mean similarities of characters su ggesting relationship. Echinoderms 

are thought to be the relative of chordates and hemichordates on the basis of the 

yological similarities like their style of cleavage, pattern of blastulation e 

| and the deuterostomy of the blastopore. The tornaria larva 9 f 
ta and bipinnaria larva of echinodermata has a large number 9 
l, biochemical and anatomical resemblances. In fact the tornaria larv? 


ed 
ered was mistaken as an echinoderm. These affinities have led 
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verse rings, Y 
n . M 

p aia pose = hemichordate though no sexual dimorphisnvis’seen. As the 
- blastop e embryo develops into anus hemichordates aré;deuterostomes. 


Embryological studies of tornaria larva of hemichordata, howeVer, reveal a close and 
fundamental resemblance with bipinnaria larva of echinodermata, Hence, it is 
believed that echiondermata, hemichordata and chordata are closely related and 
might have evolved from a common ancestor. 


PHYLUM CHORDATA (Forms with notochord) 
da Members of this phylum, are the best known of all the animals. They include 
) about 45000 species including many ariimials of major economic importance. All the 
——echordates show all or at least any oneofthe following three fundamental characters 
EN (Fig. 10.44). Brain Dorsal hollow nerve cord 
Notochord 


a 
fi 


Mouth Pharyngeal gill slits Anus Poọostanal tail 


| D is i i damental chordate characters 
. Fig. 10.44 A generalized chordate showing.fun 


yt 


Notochord: f in the early stage in the 
keletal rod which forms 
emb (cvy eri ris mid.dorsal line, dorsal to the gi but — » 
mbryos of all the chor ei the length of the body and persists in a tew = ers 
reve cord. ae kas m it is surrounded and replaced by 
'oughout their lite w. 
"'ebral column. | 
E erve cord: develop 
Inall the chordates a hollow, tubus differentiated into brain and 


E 


in most of the 


Beige POC TORS {TOUS EEE Ae idan 


j —" a 
KTP INGDOM a. 
'yngeal gill slits: ja 


7. In all the chordates, in an early embryonic stage, walls of p Ac ee. 


| 1aquatic forms these pharyngeal slits develop Bills whereas in 
s they close and disappear. __ | ae 


l Chordates, in general, are bilaterally symmetrical, triplo E 

deuterostome, animals having a complete digestive tract with a mouth ust 
anus. Coelom is well developed and internal organs are Suspended in the ond ay 
Cavity by a thin membranous tissue called mesentery. They all, asa rule, rene s 
sexually. A majority have a post-anal tail. reprodu, 1 


fi 


According to the recent classification Phylum Chordata is data into ty, 


groups (i) Acraniata or Protochordata and (ii) Craniata or Vertebrata. 
RA NS 


Group: Acraniata or Protochordata (First chordates; without brain 
—— — Protochordates or Acraniates as their name indicafes are the first or simne - 
chordates in which brain box (Cranium) is absent and hérice brain is not pro | 
In this group of chordates notochord does not transform into vertebra] col 
Protochordata or Acraniata is divided into two sub phyla Urochordata and 
Cephalochordata. 


Sub-phylum: Urochordata (Notochord in the Tail) 
"m Urochordates are also called 


Tunicata because their body is enclosed Ne d 
s ina saccalled Tunic. They are all marine Incurrent siphon 
j + andmostly sessile. The tunic is provided je PN 
i with twoopenings, an incurrentorbuccal 
p Siphon and an excurrent or Atrial ENS 
T siphon. Itis through these openings that Anus 
. water currents bring food'and oxygen and Gill bar 
à take away the excretory wastes and 
1 gametes. An adult Ascidia (Fig. 10.45) - Gin ema 
shows little chordate characters. It is 
larva, which resembles - Intestine 
d exhibits chordate t Tunic 
contains a nerve cord and a i 
notochord in its tail only, hence the Gon aie 
ne Urochordata. As the larva reaches Stomach 


Eu retrogressive 
sing its tail and 
] chara Circulatory system 
' Herc o cters. Many (with heart) 
» tanta are found in our 


Fig. 10.45 Ascidia 


ee Am eee t Vo» 


{tis a typical chordate and 
s, quite clearly, all the i Hollow dorsal 
mental chordate characters Notochord nerve cord 
hollow dorsal nerve cord, a À \ 
erof pharyngeal gills slits and 
ord which extends right in 


Intestine Postanal 
/ 


or tip of the body. Out ofonly O'8!hood with 


i tentacles V Y At CN Ans 
era found around the world Gill stits AUM were 
iostoma is found on our in pharynx AS 


asts. Fig. 10.46 Amphioxus 


Group: Craniata or Vertebrata (With cranium ahd vertebral column): 

f These are the chordates in which brain is protected inside a skeletal brain box 
aled cranium. They are also called vertebrates' because in the members of this 
up notochord is replaced by a vertebral column. This group is divided into two 
sub-phyla (i) Agnatha and (ii) Gnathostomata. 

Sub-Phylum: Agnatha (Mouth with out jaws): 

L— "Thisisa small group of vertebrates which includes only one class Cyclostomata 
hence Agnatha are also commonly called cyclostomes. As the members of this group 
erficially resemble the fishes but lack the jaw they are often known as Jawless 
Fishes. This group includes\Hag Fish and Lamprey (Fig. 10.47-a,b). They are 
elongated eel like animals without jaws, scales or paired fins. They have a rounded 
su torial mouth with many rings of teeth. Both are parasites. 


Nasohypophyseal Tail 


aperture Vestigial eye 


Caudal fin 


Sensory tentacles Single external gill slit Median ventral fin 


Fig. 10.47 (a) Hag fish 


Vestigial eye Opening of pharyngocutaneous duct 


10-15 pairs of external gill slits Openings of slime glands 
Fig. 10.47 (b) Lamprey 
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"E J-F ny sg 7o dol uma (Mouth with Jaws) ERR 

______ This is a large group of vertebrates in which both Upper and lower ;. 
Present th ugh teeth may be present or absent. Gnathostomata hy divided aws 

super Pisces and Tetrapoda. i 


As more than half of the chordates are fishes hen 
class called pisces. 


Super Class Pisces (Fish): my 
This is the largest group of chordates which includes about 25000 Species . 
fishes. Study of fishes is called Ichthyology. i €Sof 


ce they are in grouped is a Super] 


CNN 
A fish is an aquatic gill breathing gnathostomates whose streàmlined bodv 
provided with paired fins and covered over by dermal scales. 5^ is 


Super class Pisces is divided into two classes: (i) Chondrichthyes and 
(ii) Osteichthyes. thy 


E Trident spines 

Class Chondrichthyes (Cartilagineous fishes): 
This group also called class Elasmobranchi 

comprises of marine fishes whose endoskeleton'is made 
up of cartilages while their skin contain an enormous 
number of tiny sharp enamel coated dénticles called 
placoid scales (Fig. 10.48) which formthéir exoskeleton. 
Their wide mouth is ventral in position and their tail fin 
is heterocercal. There are present many usually 5 
exposed gill slits on each side which are not covered over T-— 

-byagillcovertheoperculum.Thisgroupincludessharks Fig. 10.48 Placoid scale 

» Wig. 10.49-3), skates and rays including shock prod ucing 

8 Electric ray-Torpedo (Fi 10.49-b). Many types of skates Spiracle 

and rays are found ori óur coasts. Scoliodon called Dog Electric 

fish is a small shark which is common in our seas. organ 
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the largest class 
of chordates. 
uth openning is present at the [ 


; pade UP are call € exoskelet 
9,50-b) scales according to whether the i cycloid (Fig. 10.50-a) or c on iE 


uter edge is smooth or spiny, The gills 
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Fig. 10.50 (a) Two shapes of cycloid scales Fig. 10.50 (b) Ctenoid scale 


are covered over on each side, by a gill cover called operculum. Most of these fishes 
havean air bladder which acts asa hydrostatic organ. Tail finis usually homocercal 

zr diphycercal. This group includes-Eel (Fig. 10.51-a), Sea horse (Fig. 10.51-b), 
Flying fish (Fig. 10.51-c), Globe fish (Fig. 10.51-d) etc. 


Lateral line Operculum 
Fig. 10.51 (c) Flying fish 
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a "oet of the delicio 
bs. us edible fishes also belong to p. Th 
le fishes of Pakistan (Fig. 10. 89) are Perches Pom et TE tus 
(Surmai), Cat fishes (Khagga), and Salmon fioi 
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Sea shed (Palla) Greenback - 
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| 4 Fig. 10.52 Common edible fishes of Pakistan 


A small group of zoogeographically important fishes called Lung 1s 

9) belonging to order Dipnoi are also included in the Class Osteichthyes e 

e genera of such fishes are found in the world. They respire by the help 

et tines during drought period, 

uch are actually the modified 

S, They are found isolated, 

ore Cac h in South America, Africa 

ish a hence called American 

) Africar ins fish and m". 
respectively. Fig. 10.53 Protopterus (Af 
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and by developing nt ü d 

cy of sense of atic re 
nc d hearing and sight in Water thei, Spiration, the 
ably. Sense of smell has developed 


Tetrapoda (Four legs): | 
isis the group of vertebrates Which have dev | 


S and (iv) 


VAN 
water and land): 


| is f tetrapod comprisin ! of about 2000 
species. This is the only group of vertebrates which lackS@ny AE. exoskeleton. 

pe their naked skin is soft and moist. They respire by. Jungs, gills, skin and lining 
uccal cavity. They lay eggs in water where they spend at least their early life. 


Hence, they have become partially aquatic and partially terrestrial. Their name 
amphibia also indicates this double mode of life: 


ass Amphibia (Living at both places; 
"This is a comparatively small group o 


E E 


Amphibians are poikilothermic vertebrates; they cannot maintain their body 
iemperature at a constant level. To avóid extremes of temperature they undergo 
mation in winter by burrying themselves in the mud to avoid low temperatures 
Of the environment. In hot summers they do so again; the process is called 
on. 


.  Parotid gland 
dd Warty skin 


A number of aquatic amphibian called permanent larval forms, 
metamorphose at all. 


do not] 


| an 

10.10.2 Trends towards a land habitat: h su 

The greatest event in the phylogenic history of animals was a transite, | 9 

aquatic to terrestrial mode of life. Amphibians were the first animals to ition fio g 

though failed to adapt it completely. The most important adaptation sup ? 
development of lungs for breathing air in terrestrial habitat. Another im the 

factor was the modification of fins into legs for walking on the land: portan | C 


10.10.3 Origin of Amphibia: : 
An ancient bony fish called Rhipidistian (lobe finned fishes) lived Some 350 C 

million years ago when the land was covered over by Shallow, swampy bodies of : 
stagnant water which often become warm and oxygendeficient. The rhipi 

were adapted to these conditions due to the presence of lungs in their body that coul 

inhale oxygen from the air. They also had fleshy lobed fins with bony endoskeleton, | 
These fins were probably used to support the bodies as they pushed their head out 

of water for a breath of air or dragged their bodies from one shrinking pond to 
another. This practice made these animals more and more adapted to terrestrial life. 

The first amphibian known from EN 

the fossil record was primarily CA 
aquatic and fish like but with 
four legs. The limb bones of these 
early amphibians were 
remarkably similar to these of 
rhipidistians (Fig. 10.55): Hence, 
itisconcluded that rhipidistians 
were the ancestorsof amphibian 
and consequently of all four 


legged vertebrates. A near 
relative rhipidistian are 
fishes still surviving, 


as living fossil in the sea, in i Early amphibian | | 
small numbers. Fig. 10.55 Transition from Sea to La E + 


- . 10.10.4 Amphibia as Unsuccessful Land Vertebrates: -nibia/ 
— — — . Amphibia is a diminishing group of animals. The number of 2 uos T 
Species is reducing day by day and is subjected to recent researches. Ee 
insuccessful land vertebrates because they failed to adapt compi Jeto 
nvironment. As they are cold blooded and do not possess any €^" — 


x * | i jans are always in need of mate and to propagate 
nem to invade the sea. water but unfortunately their naps dnotallow 
OS) 


for Reptilia (To crawl and creep): Wf 
1 Reptilia is a group of about 5000 vertebrate species with dry skin which is 
‘covered over by epidermal seales. They are terrestrial and crawl'on land with the help 


of two pairs of limbs which are pentadactylous and provided with horny claws. 
"Snakes, however, have no limbs. 


Reptiles are poikilothermic (cold blooded% They lay eggs on land which are 
covered over by leathery shells. The embryo develops on the large quantity of yolk 
andalbumen present in the egg. Due to the presence ofa protective membrane called 

ld to amnion in the egg the three groups of higher vertebrates i.e. Reptiles, Birds and 
allife. Mammals are called Amniota. The vertebrates without iti.e. Fishes and Amphibian 
| are called Anamniota. 


10.10.5 Past History: 
Though reptiles evolved much earlier, the mesozoic era, 225-70 million years 


2» - ago was the time when reptiles dominated the earth. This era was ruled by the best 
" known giant reptiles called the Dinosaurs which mean "Terrible Lizards". Ancestors 
ofthe present day reptiles also appeared during the same period. About 70 million 
. yearsago when mesozoic era came to an end and Cenozoic Era started the dinosaurs 


. perished. A 
B m 82 ft. long and 16ft. high was thelargest whereas Tyranosaurs 


d 20 ft. high with both of its powerful jaws containing a large number 


nost one foot long powerful teeth, was the most terrifying creature ever toroam 


E | 


10.1 Land Vertebrates: 
9.10 E t "P of verteb ted for life on dry places on 
D EU ais 4 not have to go to water to reproduce. Key to their 


permeable to gases. The 


ture changes on land and to slow down the loss i 
development of an exoskeleton of horny — 


OA T 
n E agrs. <e N 
« d " 


ors and last but not the least their deve 
eased supply of oxygen for much higher mu 


4 oul | 


ommc Yon reptiles found around the world are tortoise and turti sls 
‘crocodiles and alligators. Sphenodon a living fossil, the only reg à 
estricted to Newzealand only. 


Bus species of tortoises and 
s including the endangered green 
m > Chelone mydas (Fig. 10.56) are 
din Pakistan. Among the lizards wall 
: Erden lizard (Fig. 10.57-a,b), and 
stix are common. Snakes are the 
bless reptiles which creep on land by 
ee E uiing movement of their body. 
Some ofthe snakes are poisonous. Their Paddla like hind limbs Ventral piaski 
poison called Venom which may be 10.56 Green turtle 
c motoxic or neurotoxic is injected into 
ofthe prey by the | 
bete Ea External ear —\ejawed digits pre X E 
Sharp and curved teeth ^"^ a, 


ec wem Cobra ne 


10.57 (a) Wall lizard 
Tongue 


Large laterally 
Tail compressed tail 


E: 3 m reptiles won 


rs 
| 


oe j 
s (Birds): 


s are the most beautiful 


animals in th people 
e of their flight, colourful plumage P ape und aa n» D 
ns, EU care and considerable economic value in r sect of food andas 


Ha 


E sA 

here are about 9000 species of birds and their ei is called Ornithology. 
ire among the most successful vertebrates their enormous number, 
| at on to a variety of environment and their di&tribution throughout the world. 
rari lation in size is also remarkable. They. o from a 2 gms West Indian 
ag bird to a 150 kg Ostrich. 


"Abird can be defined as a feather covered bipedal flying vertebrate possessing 

— which cover the bédy”all over constitute a unique and basic 
ifying character of birds. It notonly serves as a protective insulating garment 
ectly involved in two most. important aspects of avian biology: Endothermy 
sht. Endotherms or Homeotherms are the animals whose body temperature 
| cnm irrespective rt the temperature of the environment they are living 
ght that gives th ES an unmatched freedom among the vertebrates is 
dification of its fore-limbs into wings and an astonishing 


r n ofits ski weight owing to its hollow construction (Pneumatic bones). 


different 

ent in large numbers and live in very 
A haped body, reduced number of bones, 
hambered heart. They 


f "ho gh he birds are p 
| hey havea compe cito powerful, four c 
und. producing T the syrinx instead of larynx present in other 

y Dav hab tat ofa bird. Fertilization is internal and eggs are 


ut: 


Jub class of birds includes the modern big sized flightless pira a 
nnot fly because they have comparatively heavy weight (Ostrich a} The, 
z in weight) and their wings are either vestigial or rudimentary, Th bout 154 
ternum without keel and accordingly their flight muscles are poorly des à fat 
weight) Mie. 
The distribution ofratitae is also restricted. None of them is found in Ks 
. Ostrich (Fig. 10.60-a), the largest bird is found in Arabian countries and At aitan, 
is found in South America. Emu and Cassowary in Australia and Kiwi (F ; Rig 
b) is restricted to Newzealand only. Penguin another unique aquatic figi ‘oag 
| is confined to the frozen shores of Antarctica. eh 
l 


Fig. 10.60 (a) Ostrich Fig. 10.60 (b) Kiwi 


Sub class Carinatae (Sternum with keel): 
Almost all theanodern flying birds are included in this sub class. They are 
usually small, lightweight birds whose wings are highly developed and feathers 


their wings haveaninterlocking mechanism. Their sternum is provided with a crest 
odate the highly developed pectoral flight muscles. The flying Wing fe 
bu 


like keel to a 
birds are dis ted all around the world. 
Pakistan is a zone with rich avifauna and enjoys the presence of a Y l 2 


n birds of Pakistan *' 
1-b). doves: 
0.61-d)ar® 


^ 
M 


variety of resident and visiting migratory birds. The commo 
_ Sparrow, pigeons (Fig. 10.61-a), myna, bulbul, hoopoes, crow (Fig. 10.6 

parrots (Fig. 10.61-c), fowls, cuckoo and ducks. Kites, falcon and owl (Fig: ! 
the birds of prey. Ducks, Sea Gulls Terns and Cranes are aut 
ory birds. Peacock (Fig. 10.61-e) and Houbaraare among the most be?" 


"A & 


E 


é 


p 


Fig.10.61 (d) Owl 


1010.7 Origin of Birds: 

Birds are often called; glorified 
feptiles because they have evolved from 
this group and have many characters in 

ommon but show, a much more 


Neck “Head Eye 


Nostril 


, A 
^ `N 


‘ Beak with 
TA thecodont teeth 
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Fig. 10.61 (b) PN 


Fig. 10.61 (e) Peacock 


aeopterYY — 
nstruction by an artis 
on the basis of the fossil 


Fig. 10.61 (c) Parrot 


CNN 


V 


NS 


Hemerus 


Coracoid / 


Radius 
Scapula Ulna 
Ribs 

Thecodont oe, 
teeth in beak 2288/7 
Archaeopteryx 
Fossil showing skeleton 
and feathers 


Tail feathers 


Fig. 10.62 Archaeopteryx 


: (Fig. ipee PA 
the rocks 150 million years old. ` ni. 


p ah) 
t Adaptations: 


have undergone a number of adaptations which helpeq them ~ = f 
'ement of a perfect flying animal. o | 
1. Bap ofthe body: The streamlined compact, spindle E | 
ast resistance to air is the primary requisite of flight. body whieh, 


2. Loss of weight: The hollow bones are light, E pneumatic (air 
Teeth are lost and so are the tail vertebrae. The UY bladder and an Ovary 


n oviduct have also disappeared. 
Aisacs that 


3. Wings: Fore limbs are modified into ( jextand inside 
iswhich are moved up and down by strong bones 
muscle keeping the body afloat. 


=e 

4. Energy requirement: It is broughtabout 

"byarich oxygen supply to the tissues by a'powerful ( 

rt and an extra-ordinary respiratory system 
eefficient by the presence of many air sacs (Fig. 

10.63) which are connected with Tungs on one side 

and with the pneumatic ^ pe the other. 


5. Bari Body temperature: 


' muscular áoetivity tends to rise the munge 
ture of which is kept within normal 
nu ting action of the air sacs. Fig. 10.63 Air sacs of a bird 


nalia (With mammary glands): 
ammalia which includes about 4500 species are the most complex | | 

sful group of vertebrates living to-day. They are adapted fortifein | 
niches from land and trees to water and even in d air. Asfar 
ne d they range from a tiny pygmy shrew weighing only T: 
C Eu 40 meters long and welghs UE 


M 


il ner gs Ot ORS AT OU i, 


s NL glands. Al the mammals have 2T o 
n humans Bndrestrictes (o oturlantin mostofthe CRDIUISCHUE HEN T | 
ns. to sensory whiskers on snout in borat to 1 


\ a mmais are unique among 
he milk, secreted by special VE eiie ri theiryoungs with a nutritive 


Other important mammalian 

ME e ee es 

lominz compartment. Presence of seven cervical Neckwear : Sie 

{fertilization are also among the important mammalian characte s" eth toma few 
i thecodont (lodged in sockets of the jaws) and heterodontii different shapes) 
r differentiated into 4 types i.e. incissors, canines, premolars and molars. All of 
a with the exception of egg laying mammals are viviparous that is they give birth 
eyoung ones because the embryo developsin the utéras inside the body of mother. 


10.10.9 Origin: 
Mammals appeared in the early part ef the Mesozoic era aS a branch of the 
f class reptilia. Ancient mammals were small no 


b ere nocturnal and burrowing or arboreal forms. 
‘Thus co-existed with dinosaurs and other reptiles for 150-200 million years and 
when the large reptiles and dinosaurs disappeared, at the close of mesozoic era, the 
na increased dramatically in numbers, diversity and size. 


Í now extinct order Therapsida o 
Hoer than rat and mouse. They w 


mamma 
MC 
Prototheria, Metatheria and 


„ree sub classes 
ir new born 


‘ Class Mammalia is divided into t 
developmental conditions of the 


Eutheria, on the basis of the mode and 


M 1 mammals): 
Pr totheria (Egg aying ammals being grouped in a 


ins the most primitive m 
ES. po ape? ne A also called monotremes. They are represented by 
single order Monotrem? ^ ies being found only in Australia and 


just 2 genera which include only three spec 


4 yz A Ae 
XL pegs oie eter puck billed pateni am 


ECT MISC ip 
AE 
a e 


" f NA 


ry ry 
A í 


34-b). Like their reptilian ancestors they - 
| 1mmals. Like reptiles they have a cloaca (com, 
opening) and also lack an external ear (Pinna) but like no 
Pe į produce milk on which they nourish their youngs y, 
ev are, hence, considered to be a connecting link between 


13mmnais. 
A. nicum 


ss Metatheria (Pouched mammals): 
E Jn. a relatively small group of mammals which contains a single order 
Eis rep ted by about 250 species, most of which live in A. É 
T howevei . are found in South America and North America, Marsupials a . 
viparous. They give birth to live young ones. Their eggs are not laid but retaines | 
and fertilized inside the body of the female. As the eggs do not contain enough 
7 to feed the embryo for the entire period of development, hence marsupials are born 
EL. f the development of the new-born ti 
_ inan immature form. The rest of the p ny marsupiaj 
"occurs outside the uterus in a special bag like pouch, that contains openings of 
i= mammary glands. Each baby attaches itself to a nipple of mammary gland by its 
i T mouth. This pouch is called the marsupium and-hence the metatherians are 
' commonly known as pouched mammals or marsupial mammals. Examples 


include Kangaroo (Fig. 10.65-a), Koala bear (Fig. 10.65-b) and Opossum. 
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on abdomen 


— — 
m—— Ó— 


b Toilet claw 


c" Powerful tail 
Fig. 10.65 (a) Kangaroo Fig. 10.65 (b) Koala bear 
5 Eutheria (Placental mammals): 


«a 15 group includes about 95% of the mammals which are wide spread and 
to each and every habitat on the earth. They are viviparous 
use the nourishment ofthe developing embryo beforebirth 

- o mother, by a special organ called the placenta. T 

sonnection between the mother and its developing young. Emo? 

“and food from the mother's circulation and discharges the wastes 


gu 
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Fig. 10.66 (a) Hedgehog Fig. 10:66 (b) Rabbit 


€ ^ 


Fig.10.66 (c) Deer 


Us 


Fig. 10.66(d) Camel Fig.10.66 (f) Rhinoceros 


Fig. 10.66 (e) Donkey 


ental mammals elephants (Fig. 10.66-g) 
largest of all the animals are aquatic. Bats (Fig. 


Elongated fingers 


m Among the large plac 
~ are terrestrial whereas whale the 
10.66-h) are the only flying mammals. 


Wing or patagium 
Short snout 


Fig. 10.66 (9) Elephant | Fig. 10.66 (h) Bat 


es. Goats, Buffalo and D 
ht ; Í 1 t1 es. Markhor ( [ goat) a 
are found in our country, is the national anima]. 
10.66 j) is a native of Pakistan whereas the beaute. 
rn areas, is an endangered species. Among the , 
in (Fig. 10.66-k) still persists in small numbers in c, ^ at 


pA - 


. Fig. 10.66 (i) cehongtia goat) 


M 


acies of mammalia, 670 species of birds, 177 species of reptiles, | - 
8 species of fishes, 1182 species of invertebrates in addition 


Asymmet- 


E rical 


| Coelenterates| Tissues, 
o A 


[Fiat worms Organs, System. 
Triploblastic 


Round , Organ system 
worms Triploblastic 


Radial 


Bi teral 


£x 


a| Bilateral 


Segmented | Advanced organ | Bilateral 


worms system 
Triploblastic 


Molluscs Organ system 
Triploblastic 


Bilateral 


Arthropods | Advanced organ | Bilateral 


system 
Triploblastic 


Organ system 
Triploblastic 


Pentaradial 


Most advanced | Bilateral 


organ system 
triploblastic 


Protostome 


Protostome 


Protostome 


¢}, Protostome 


f aio. 


Protostome 


Sycon,Euplectella, ^ 
Acoelomate — |Bath sponge. 


Coelenteron | Hydra, Jelly Fish 
Acoelomate Sea Anemone. 


Much branched | Planaria, Liver- 
enteron with — |fluke, Tape worm. 
mouth only 

acoelomate 


Pseudocoele. | Ascaris, Thread Cylinderical wi 
Intestine with | worm, Hook worm. | Male shorter. 
mouth & anus - 


Li 
Coelomate. Nereis, Leech, Metameric - 


E Developed gut |Earth worms. Setae, Parapod 


Protostome 


Protostome 


mate. Unio, Pila, Sepia, | Mantle, 
x oped gut |Squid, Oyster, 
gA Octopus, Nautilus. 


Coelomaté dy Prawn, Crab, 


Developed nsects, Centipedes, Jointed 


Miripesss. coel, Sense c 


MN 


Deuterostome| Coelomate. Sea st 


Developed gut |star, Sea 
Sea cucu 


Deuterostome| Coelomate. Fish, Frog, Snake, 


Developed gut |Bird, Rat, Cat, 
Cattle, Monkey, 
Ape, Man. 


Ine 
- LI ae 


—* They vary from simplest to most complex individuals. 
E ^ 


KEY POINTS 


ia A members of kingdom Animalia are eukaryotic, pu 
s which reproduce sexually and are usually motile, “eels, | 


inimalia is the most diversified group as far as number of Species is co f | 
l'hey range in size from microscopic to very huge organisms. neemed, |, 


QC 
— Animals are thought to have evolved from a volvox like protoctigt 


Kingdom Animalia is classified into about 33 major groups ealled phyla, On the 
basis of their phylogenic relationship. 


Phylogeny is traced on the basis of comparative study of their body plan ang 
their developmental patterns. 


Most animals have a recognizable symmetry, either radial or bilateral. Sessile 
animals usually exhibit radial symmetry,whereas motile animals are usually 
bilaterally symmetrical. 


All animals but sponges have a digestive cavity. Most animals have a body 
Cavity (a pseudocoelom, coelomr. or haemocoel) between their body wall and 


digestive tube. 


Protostome and deuterstornes differ in early embryological development and 
fate of blastopore. In:.prótostomes blastopore forms the mouth whereas in 
deuterostomes blastopore transforms into anus. 


$ 


Sponges are aquatic animals circulating water in the canals present in their 
bodies to trap the food and discharge wastes and gametes. 


N 
Cnidariaris are aquatic, radially symmetrical diploblastic animal with two body 
forms polyp and medusa. They are equipped with special stinging cells the 
cnidocytes. 


nly called flatworms are thought to be ancestors of 
porifera and cnidaria. 


* 


, Se coelo 

jia ML worms with a true mand 

Mollusca are bilaterally symmetrical, non- 
body can be divided roughly into a head- 


segmented coelomate animals whose 
teeth bearing redula i 


foot, a visceral mass 
sa unique molluscan structure as is the shell. 
Arthropoda constitute the most diverse hs 


segmented animals that are covered over by a chitiriou 
equipped with jointed a ppendages y tinous exoskeleton and are 


- Thecoelomis reduced whereas a fluid filled 
body cavity the haemocoel is prominent. t 


Insects evolved wings and became the first animals to fly. 


Echinoderms are radially symmetrical pentramous animals with a unique 
water vascular system. Body is covered over by spiny calcareous plates and 
thousands of tiny multipurposé tribe feet. 


Hemichordata, once considered true chordates, are now classified as a small 
separate phylum, between invertebrata and chordata. 


Chordata, the most advanced phylum includes a small number of invertebrate 
protochordates arid the vertebrates (Fishes, Amphibians, Reptiles, Birds and 


Mammals). 


j nimals that are characterized by a 
tes are bilaterally symmetrical a 
OPES a hollow dorsal nerve cord and pharyngeal gill slits. Many have 


po tail. 


You) 


Padi 


i 
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EL OP ov vf mens 


O1 
raen 
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al i ET 


.. Multicellular (d) Prokaroytic 
| (à) -Acoelomate (b) Pseudocoelofnàt 
"dej Coelomate (d) Haemocager omatic 


= 


Group deuterostomata includes phylum: € Y E 


(a Chordata (b) capt 
(c) Arthropoda (d) . “Deuterostomes 


WA 

‘Insects have: A 
(a) 3 pairs of legs C» (Ù) 4 pairs of legs 
(c) 5 pairs of legs \ (d) 6 pairs of legs 


Largest fishes are: 
fa) Whales | ,4 Sharks 
(c) Cuttle N y Jelly fish 


Farming of ofticy bees is called: 
(a) Moe Apiculture 


A 
(eX Sericulture (d Culture 


m one of these is a fish: 
Star fish (b) Jelly fish 
Sea horse (d) Cuttle fish 
ter atic feature of Echinoderms is: 
ascular system — ( Canal syste 
ao? a 


" (d) 
Biondrichthyes have an exoskeleton of: 
a Placoid scales (b) l 3 
(c  Ctenoid scales us BL Scales | 
j ermal scales f 
| Skin in amphibia is: : 


EM 


B (a) nd (b) Covered bys X2) 
(c) Covered by hair (d) Calcareous plates 
( Sound producing organ in birds is: As 
E A 
— oO () — Parynx 
(xi) Teeth in mammals are: 2» 
3 (a) Homodont (b) Heterodont 
(c) Acrodont <{d)  Polyphydont 


_ (xiv) Kangaroo is: 
E (a) An egg laying mammal (b) Marsupial mammal 


(c) A placental mammal (d ^ Oviparous 
1 (xv) Batis: | 
» (a) . Abird (b) An insect 
(c) | Armammal (d Areptile 
A. 


b: N > 


Write detailed answers of the following questions: | 
- | E. the basic factors which help in classification of animals. 


aria. Also discuss 
rtant characters of phylum Cnid 

Besccioe te ion: polymorphism and alternation of generation. 
tic 

. the parasitic adaptations in worms. Name three parasi 
ES ce and their pathogenicity. mand 

E down important characters of phylum Ann k 

Sia a a examples of its classes. 


fits 
down " the ajecharacters of phylum Arthropoda and three » 


MIeeM— x » 


TM 


did 1 reptiles become fully adapted for a — err res 
ne some important reptiles of Pakistan. 


rite short answers of the following questions: | 
Name various types of canal system in Porifera. Whatareits funetic 
Define the terms alternation of genération and polymorphism, 

- What features made the arthropods a successful group? 

What is coelom, pseudocoelom and heamocoel? 1 

What are the three most common characters of molluses? 4 

Name various types, of mouth parts present in insects. | 

example of each: | 

Describe th ee basic Chordate characters. 

How would you differentiate between a bony and a cartila gineou 


mme common groups of edible fishes. Mention their c 


- 


— What are lung fishes? What is their importance? 


xi) Differentiate between hibernation and aestivation. 


tations made the birds capable of mec 
lacen enta? What. are $E functions? - | 


When a hummingbird sips nectar froma flower, iteats the products of photosynthesis. 
Photosynthesis in the plant's leaves had converted the energy of sunlight into the 
chemical energy of organic molecules such as the sugar in nectar. To supply its 
_ enormous energy needs — the highest of any animal — the hummingbird must eat 
its weight in nectar daily. Then its cells must efficiently extract energy from the 


I Blucose in the nectar. 
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— 


rent 


Energy is defined as the "capacity to do work." It exists in a number of diffe 


for : i aior 1 ^ 
ms: heat, light, electrical, magnetic, chemical, atomic, mechanical and sound. 


The laws which apply to energy conversion are the laws of thermodynamics. 


244 


metabolic 


NY 
. Inother words bioenergetics is the quantitative stud nergy relationshi 
ind conversion into biological System. Biological energyára sformations o s 
laws of thermodynamics. LY iss 
a €; 
Nearly all living things break down organic nutrients ¥or energy, only about half a 
million species can built those nutrient througK Solar powered carbon fixation, 
photosynthesis. Those half million support them-selves and all other living species. 
The tempering with environment could leadtedisastrous change in the fundamental 
interdependence of autotrophs and~héterotrophs, aerobic respiration and 
photosynthesis. 


"11.1.1 Role of ATP as energy currency: 
M Living organisms use<organic food as an energy source. These organic 


ma i d to release energy, CO, and H,O. 
Molecules especially carbohydrates are degrade : 4 
m e of this xm : used tó produce ATP. It shows that ATP is the common energy 


i that. 
currency of cells. Wheri-cells require energy. they spend ATP for 


"a 


As we have álready mentioned (chapter 2) that ATP is composed of adenine 


| i oups. ATP is also called a “high energy” 
E s. p cS us are easily removed. Under cellular 


ES. p ts hosphate gro j 
> E BUS oduce 2 3 Cal /mole on conversion into ADP. 


E pa PA Po nae eee K.Cal/mole 
A indicates the high potential energy 
A hosphate bonds eans of energy). 

E s. en "e torepnventetice only, itis notan actual m | 
the use of the wavy from one reactions nd 

p eiving energy m i. 

| a mediator, capable of rec .g. oxidation of gracoBe om ox 


of protein, lipids, aD E 


+ a ATY ofa ng rin 1 p aa 
vnthes! E olus Mni "hk d 
r energy MEE d into ATP. Another process ig. 
Rare energy producing process occurs in mitoe 

l energy of carbohydrate is converted to ATP. 


: (as energy trapping and energy eç 


The ultimate energy source for most living things is su . and th 
th transform the light energy into chemical energ primz ly 3 
|] e and some photosynthetic bacteria also perfoymxthis transfa al 
"s s by which this transformation is carried out; 3 called phote 
 synthesis-to produce). 1 
qm basis of end product, photosynthesis (9 ? called as the forme 
aining compound from carbon dioxidé and water by illuminated green 
rand oxygen being the by-products. 


Light 
6CO, + 12H,O —~; C,H,,0, + 6H,O + 60,0 


Crüorophyll (C arbol 


Re terms of energy we.car define that the photosynthesis is a metabolic 
s during which lightenergy is converted into chemical/food energy in the 
ce of chlorophyll electron carriers. Now photosynthesis may be defined — 
chemical anabolic ess during which simple carbohydrates aremanufaetured 1 

CC pand water Enos cells and in presence of sunlight. O o — 


J] 2 


: futs and Products of photosynthesis: E 
m he ts of photosynthesis are water, carbon dioxide and light ene 

asc cul ar plants, water is absorbed by the roots from soil and translocates VET. 
nthetic organs through xylem. The carbon dioxide enters into the d 


Bu as solar cella do. In case of unic 
3 living in water, CO, is absorbed which is € 


Sari the oxygen released during this process diffus 


hs ET 


' Sulphur, 
of protein and 


ther com plex organic compounds. 
a 
4.2.2 Role of chlorophyll and oth 
1. er pigm , 
F Aslightis flashed on matter, it mayne rete 
,ansmitted or absorbed. Substances in plants that ] 
orb visible light are called pigments. Diff MN COOC 
sents absorb light of dif aie 2 i 
ght of different wavelengths. These oe . 


) ‘pigments are most important in the co i K 
pig i nversion of ,& 9 
_ lightenergy to chemical energy. The most important C^ / | : | 
pig ts required in the process are the chlorophylls, I s 
T the carotenoid and phycobilin pigments. » We | 
3 
Evidences for photosynthetic pigments; On 
Plants look green, and other pigmeht/can be T 
extracted from a plant by grinding Jeaves with CH, 
acetone and filtering. The filtrateooks green, so T 
how it comes to know that-thefe are other five m 
pigments? We can separate these pigments by [^ 
paper chromatography. With suitable solvent these gh 
pigment travel up by. the paper at different speed TS 
X due to their structures and size, in this way they are HG—CH, 
readily separated. Carotene, phaelophytin, Che 
E. xanthophyll, chlorophyll-a, chlorophyll b will give m 
orange, grey, yellow, blue-green and yellow green " 
. 2 
E ap nce respectively. Lg 
"m ZN 
wt, hed into a, b, C, CH, CH, 
be distinguis 
‘da Chlorophyll can e the chlorophyll-a Chlorophyll a 
|. dand e. The empirical formula 0 krae 
EECH O, N,Mgandthato i pig.11.1 Structure of 
d = 
molecules is Css Hj, Os N, Mg chlorophyll GUN, 
| tural 
1-b but the slight structure. 
. Chlorophyll-a is almost PP to give the two P ar 
p and hence different colours: Chlorop . 
yohyll-b is yellowish 
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, with other molecules into ph« 
nna complex", consisting of a cluster 
Il *b' and carotenoid molecules. The n Md. 
ablea photosystem to harvest light over a large surfa 
sule. When any antenna molecule absorbs a photon, 


mi Z 


the y 
from t molecules to pigment molecules until it pe. 

r 'ophyll-a, which is structurally same to other chlorophyll moi. 
ted in the region of photosystem called "reaction centre”, where ,, Mes 


"driven chemical reaction of photosynthesis occur as shown in Fig, re à 
: Electron transfer 


Reaction center Primary electron SN y 
Photon chlorophyll acceptor | v9 
Réaction center 


a atk tN Antenna pigment 
P Transfer A A molecules 


E of energy 
Fig.11.2. Light harvesting complex in chloroplast 


The chloroplast also has a family of carotenoids, which are in various shades 

of yellow and orange. These are present in the thylakoid membrane along with twa 
kinds of chloro . Carotenoids can absorb wavelength of light that chlorophyl 
Can not abso d transfer to chlorophyll-a. On the other side excessive light ean 


\ 


c an accept energy from chlorophyll thus providing a function known " 


JUOT 


i 


n photos thetic organisms, chlorophyll is accompanied by carotenoid pigments, | 2 
Ihich absorb, green, blue and violet wave length and reflect red, yellow and orang®: | - 
they are generally masked by chlorophyll and thus tend to be unnoticed in green h 
however they give bright and obvious colour to many non photosynth ^ 
"Tuciures e.g. carrot (root), daffodils (flower), tomatoes (fruit) and corn (sec. 
| colour to plant in autumn. 
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plant is capable of 

etic using on} 
Nen that falls on : léafor th Very s Portion of. 
: € leaf. Each Pigment has aM that is absorh.. 
own ab See: 


ve and a particle. 
energy captured 
present in the photosynthetic ea Pidly transferred to the 


=p has enough 
— andthis energy is sufficient to initi E» energy to raise an electron pics state-1 
"uonsan other events 


delivered by the absorption of 
tation producing an electron in 
excited state- 1. 


The movement of energy within the thylakoid membrane is very quick 
occurring within nanoseconds. During the transfer of electrons some energyis lost. 
The excitation energy can be used'or lost in different ways. It can be used for 
photochemistry (i.e. it enters the photosynthetic electron transport chain) 
alternatively it can be dissipáted as heat or re-emitted as fluorescence. 


— 11.2.4 Role of water: E Vis 
| jesis i uires H* and elec : 
tosynthesis is a redox process. It req fulfil : 
no — "Édmin Os split and electrons are transferred along with Hydrogen ion (H*) 
E! fea E 2 7 


from H,O toGO,, reducing it to sugar. 
NS 
"T ) 


HO. om 1/8 Qu e 
2 


are split, their oxygen atoms baec E = 
O,). From this discussion we can nce ea 
et ee es d e necessary for the reduction piel 


S KAS water molecules 
ai sr thus provides H* an 


| 


-9 
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studying the diffusion of CO, throughthestoe i. 7 
years. This CO, provides the carbon for theta oe A- 
E . The opening and closing of stomata have an nire; eton 

on of photosynthetic activity: particularly in c plants ce 
directly into phosphorylated sugar intermediate biphoang. c. 


| PROCESS OF PHOTOSYNTHESIS i 
"The process of photosynthesis consists of two main types of reactions (i) light 


i - or | and (ii) dark reaction. 


g Pi 

— 1. In the light-dependent reactions, chlorophyll and other molecules in th 

— membrane of the thylakoids capture light energy and convert some.of it into the 
Y 


J chemicz energy-carrier molecules i.e. ATP and NADPH + H*. 


SM 


The overall equation for photosynthesis does not indicate that the process involves 
thelight-dependent reaction andthe light independent reactions«The light dependent 
reactions, located in the thylakoid, capture the energy of sunlight needed by the light 
independent reactions, located in stroma, to reduce carbon dioxide to carbohydrate. 


2. Inthe dark reactions or light-independentreactions, enzymes in the stroma 
use the chemical energy of the carrier molecules (ATP and NADPH + H *) to drive the 
synthesis of glucose or other organic molecules. ; 


11.3.1 Light reaction (The Light Dependent Reaction): 

In thechoroplast, the light capturing chlorophyll molecules, membrane-bound 
proteins and electron carriers are components which together constitute the electron 
transfer chain. Four major groups of complexes are present in the membrane. These 
are photosystem I (PS I), Photósystem II (PS II), the cytochrome b/f complex (cyt b/f) 

and an ATPase complex. Mobile electron carriers transport the excited electrons 
between the complexes. These mobile electron carriers are plastoquinone(Pg), 


plastocyanin(Pc) and ferredoxin(Fd). 
! These complexes are not evenly distributed throughout the thylakoid 
membrane W. is structurally differentiated into two inter-connected regions, 


> 
yi 


ystem I and II both contain special chlorophyll-a molecules at their 


sechlorophyll molecules are identical to all other chlorophyll-amolecules 


e MER 


ere P simply | 


ne ig synthesis start L6. TP MIL 
" a consists of a chlorophyll-a dimer. dE es "SIL 
-a molecules the energy of Photon of light hits these 


a" these pho Rye 
Lofan electron from the ground Po rons is absorbed and. 


! state to an excited state. The exc; | 
within Pg, iS rapidly transferred to the be 


and then to plastoquinone molecules which are EN 


T Photosynthesis seems to have evolved in organisms simi 
` pacteria, which use an array of chlorophyll molecule 


photon excitation energy to one pigment molecules, eferred to as Po in green 

— } sulphur bacteria and in plant P.,.. It donates an e; toe transport chain for driving 

H a proton pump and returns the e- to Pain a process called cyclic 
| photophosphorylation. Q^ | 


tocentre) to channel 


H^ T 


4 


Fig. 11 3 Non-cyclic and cyclic electron yrs 
during the light reactions generates ATP 
NADPH  . 


P 


~ 


i 


y 
> 
; 


complex produces 4e- from two water molecules and releases 4H* and one 


—— protons through the ATPase complex are normally required for the p 


Li 
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Mee > P+... produced by this primary charge separation and ele t 
"duced by an e- from H,O. The water-splitting complex is p 


aal side of the thylakoid membrane and consists of a manganese c] 
te electron donor to P,,,,) and an associated protein. The water 


of O, into the lumen. However, the sequence of electron, proton and O, relea 
yet clear. ls 


Electrons are transferred from PQ, a rapidly turned over plastoquinone (p i 
molecules which accept two electrons and takes up two proton from the stroma, (PQ) 
electrons and protons are then passed into the plastoquinone pool within 
thylakoid membrane. Plastoquinone carries charge from the PS II complexto thea 
b/f complex. This is thought to be the rate limiting step of electron transport, The 
electrons from PQ are passed via an FeS centre to cytochrome f Within the co 
oxidising the PQ and releasing protons into lumen. The second mobile electron 
carrier plastocyanin (PC) is reduced and is situated in the lumen. 


Plastocyanin acts as an electron donor to PS LPS has not been Studied to 
such an extent as PS II and therefore its structure and function is less understood. 
A second excitation event within PS I leads to the éventual transfer of an electronvia 
a series of three FeS centres to Fd. This in turn is used to reduce NADP to NADPH4H* 


at the stromal side of the membrane. 


b) Formation of ATP (Photophosphorylation): 

The energy made available by the passage of electrons down the cytochrome 
system is coupled to build up ATP'in'àn indirect manner. Some of the carrier of the 
cytochrome system pump hydtogen ion (H*) from the stroma into the thylakoid 
space. This thylakoid space, acts as a reservoir for hydrogen ions also because for 
every water molecule that splits in the beginning, 2 hydrogen ions stay behind in the 
thylakoid space. The hydrogen ion taken up by NADP comes from the stroma, not 


from the thylakoid space. 


Because ofthe large number of hydrogen ions in the thylakoid space compared 
to the stroma, án:extreme electrochemical gradient is present. When these hydrogen 
ions flow out thylakoid space by way of a channel protein present in a 
called the ATP synthase complex, energy is provided for the ATP synthase enzyme 
to produce ATP from ADP+Pi. This is called chemosmotic ATP synthesis because 
chemical and osmotic events join to permit ATP synthesis. The transport of three — 
roduction ofone — 


ATP molecule. 
___ The linear flow of electrons from water to NADP* coupled to ATP sy? t f 


non-cyclic photophosphorylation because the electrons pass on to 4 s 
acceptor and never back to an initial source. In cyclic photophosphory'2^" 


cycled from PS I back to cylochy 
ome com 


700 Chlorophyll. The 
mice t the ATP deman DE i of this complex and from. 


r h formation. 


Stroma 
i «c ye em v 
| Fig. 11 Pr em e model for the organizatien of the thylokoid membrane . 
Finally, four important events take place during light dependent reaction of 
| "Hhotosnthesis. 
43 m (i) Photolysis of water 
= q (ii) on teatieport chain Le PLA 
| | Reduction of NADP to NADPH«H* 
Synthesis of ATP by photophosphorylation 
cts of light dependent reaction, play an important 


TP and NADPH+H", produc 
the light-indepent reaction that follows: 


rd i 
oe te fm | = 
esti dark reactor A e 
oppor eap llec: 
ie (reduce pentose phosphate cycle). Dy 
phosphate (phosphoglyceraldehyde and di. 
al atly via other metabolic pathways to "arbe hy 
first MEE oe a ghycerate 3 phosphate (F 
ed C, plants and the cycle called C, cycle. 


alvin cycle consists of 13 main reactions catalysed 
ure 11.5. The C, cycle is divide into three dis 


) € | lation or carbon fixation - du ings hich CO, is fixe 
Rie molecules. e 
— Reduction or synthesis of phosphéglyceraldehyde (PGAL) t 
reduction of organic molecules. | 

qu) Regeneration- where the redacted carbon can be utilized eiti 

LL —megenerate the carbon accepifer molecules or for metabolism,’ 

_ phases are discussed in gen in the following section. 


the first and key reaction of Calvina 
is combined with atmospheric CO, to pr 
diate, which breaks into two moleculese 


49 3co,«anupp e G3P 
Ór is catalysed by the enzyme ribulose-1, 5-b 
è (Rubisco). 


Regeneration: Man 
í y carbon re 
undsare rearranged tafe takes place during this — 
; RUBP. This Stage iny 


6: p 
Giyóeraldehyde ate 
$ LE: 


ba 
te: T 


LAS 


MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD) 
» - WI 


UN 
3 molecules of CO, fix by 3 moleculec Tem. 
of 3-carbon compounds i.e. triose (6 x 
ve are required to regenerate RuBP(5x C, —> 4 X 
cule of 3C is produced (generally called triose-phos hen Theret, 
ter the cycle, or (b) be used for starch synthesis within the chien "ch a" 
orted via a phosphate translocator to cytosol for sucrose syntheses tor A 
For thenet synthesis of one G3P molecule, the Calvin E 
nine molecules of ATP and six molecules of NADPH+H” The Ses aot [ 
regenerate the ATP and NADPH+H*. The G3P spun off from the Calvin Ert ation, . guci 


arting material for metabolic pathways that synthesize other organic becomes 7 - 

ding glucose and other carbohydrates. v | E 

3 Alternative mechanisms of Carbon fixation in ho; Sa - 

— Ona hot, dry day, most plants close their stomata, a response that co E 
Water. This response also reduces photosynthetic yield by limiting access to un 
with stomata even partially closed, CO, concentration begins to decrease in a | AT 
Spaces within the leaf, and concentration of O, released ftom photosynthesis 2 In 


E Xtoincrease. These conditions within the leaf favour awaSteful process called photo. 
respiration. In certain plant species alternate modé of carbon fixation that minimize 

r photo- respiration even in hot, arid climates have evolved. The two most important 
of these photosynthetic adaptations are C, photosynthesis and CAM. . 


| co 


Mesophyll 


cell 


RC beet | | PEP 
sheath cell LIAE S60 SS e) \\ | carboxylase 
i et | | Oxaloacetate (4C) PEP (3C) 


\\ | 
k 
Rue 
N Malate (4C) 
1 se- b. : = 


4@ , A 
REL N 


OAST 


s oF l 
DISC s a 
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— 
; Med 
2 


- >C, plants are so named bec | 
The auseth 
ma te pon ation that form ge eh eC 
tp etate. The four arbon a compound (oxaloacelate 
by Rubisco anq tM trou) pee 


A second photosynthetic aq 


| ) 5 ent plants, many cacti, pineapples and hs arid conditions has evolved in 
ilies. These plants open their st : 


! € CAM plantsstore these organic acids 
unit moving in their vacuoles. During the day, when thé light reactions can supply 
ATPand NADPH-H for the Calvin cycle. These acids‘release CO, to compete with O, 
Inthis ratio of CO, maintain inside the leaves. This CO, is fixed through C, cycle. 
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CO: Step 1: CO: A 

incorporated into 

` four-carbon 
organic acids 


SS Mesophyll 
cell 


Step 2: Organic 
acids release 
to Calvin cycle 
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ESPIRATION: As energy releasing ps 
cell requires steady supply of energy to 
ty comes from fuel molecules such as gh., 


Energy is released in small amounts. Some of the energy jg stn. 

orm of ATP while rest is lost as heat. Thus a cell transfers energy from cas 
iP through coupled exergonic and endergonic reactions. This aerobic hr. e res 
cose molecule with accompanying synthesis of ATP is mn. 7 ori 
piration. Carbon dioxide and water are produced as by-products, i | a 
c A = à S ce 
©, ,, O; + 6H,O + 60, —— > 6CO, + 12H,0 +673 f C8 mole ot 
r _ Since water molecules appear on both the sides, the equation : i 
 simplifiec as under. NN Ee » 
p" F oO. +60, —> 6CO, + 6H,O + Energy: (ATP + Heat) E a 
"Phi On hydrolysis of ATP, under the action of enZyme ATPase, the : 

"phosphate is removed with the result that ADP and Pi are formed and Certain 

—— A amount of energy is released. 

23 € 
ATP ATPases ADP + Pi¢-7.3 K.Cal/mole 1 


11.4.1 Oxidative phosphorylation: 


In the process of respiration glucose loses hydrogen atoms as it is converted 
_ to carbon-dioxide. Simultaneous]y molecular oxygen gains hydrogen atoms and is 
being converted to water. Each hydrogen atom contains one electron and one 


a 


_ proton. Thus transfer of hydrogen atoms is the transfer of electrons and protons. 

. The movement of electrons from one molecule to another is an oxidation and 

. reduction or redox reaction. Redox reaction is coupled reaction and requires both 

_ donor and acceptor — dea In the process of respiration glucose is oxidized | 
with the loss of el ns and oxygen is reduced by the gain of electrons. During 

ectrons give up energy which is used in synthesis of ATP from 

phosphate and inorganic phosphate (Pi). This synthesis of ATP 


a. ve phosphorylation. 

] 1.4.2 Aerobic and Anaerobic Respiration: 

. There are two types of cellular respiration. 

i} Aerobic (Aero = air, bios = life) respiration. 

y  Anaerobic (An = without, Aer = air, bios = life) respiration. 


Nt, A . il 
. Aerobic respiration:- Most of the organisms called aerobes, breake™ 
ing par tion of molecular oxygen and release carbon dioxie. 


Zo LICIDZ 
uu — P a 1 p^ 
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(CI 
E 


ff / at amount of | 
tion. energy. This type of oan | l 
i tion is know i59 
as 


- 


» 


The products of anaerobi "e 
robic i 
dioxide or lactic acid. The process Pirna e ad either ethyl alcohol and carbon- 
only a small amount of energy is talean "This i da ot enen 
: . is-because glueose l Í 
incompletely oxidized and most of the potential eriergy is left = end —— > 


F ermentation: Originally defined by W.Pasteur as respiration in the absence 
ofair, itis an alternative term used for anaerobic respiration, the production of ethyl 
alcohol from glucose is called Alcoholic férmentation and that of lactic acid as lactic 
acid fermentation. 


Economic importances of fermentation: 
Fermentation, thoughan inefficient method of harvesting biological energy, 
* isan efficient source of many valuable products such as ethyl alcohol, lactic acid, 


_ propionic acid and butariol. Thus it has been of great interest to human beings. 
entation. It is the source of ethyl alcohol 


Brewing and dairy industries rely on ferm | | 
"in wines and beers: Wines are produced by fermenting fruits particularly grapes. 
— Beers are produced fermenting malted cereals such as barley. 


» vd se before it is baked to make bread. 


make dough ri 


1 i ed to | 
ese yo E weinen dairy products are produced by microbial fermentation. 
Lactic E hich is slightly sour, acid imparts flavour to yoghurt and cheese. Dairy 
ED. more resistant to spoilage. The characteristic 


a à 
T ther industrially 


s containing lactic acid are 
your of pickles is due to lactic and ac 
produced solvents are also by-products 9 
| is = splitting) 
: (Glyco = sugar, Lys 

deside vai respiration is à continuous one, 


t » gue process 0 nain stages. 


pU — | Electron transport chain. 
) Glycolysis (ii) Kreb's cycle eu uo 


etic acid. Acetone and o 
f fermentation. 


but for the sake of 


a stable molecule i.e. It has little tendency to breay, 
fthe energy locked in its molecular configuration is tobe 

first be made more reactive. A small amount of energ a, | 
cell to initiate glycolysis. It is adenosine tri phosphate (app ® — 
energy for initiating glycolysis. ^T] that 


of glucose. Adenosine di phosphate and glucose 6-phosphate are fc 
an enzyme catalyses, the conversi of gluco 
josphate to its isomer fructose-6-phosphate (F-6-P). Another molecule of ATP 
ed which transfers its phosphate group this time t6 No.1 carbon of pay 
ming fructose-1, 6-di phosphate and ADP. These reactions are known ag 
sphorylation reactions because phosphate groups are added to glucose ana 
ictose molecules. The next step in glycolysis is enzymatic splitting of fructose 1, 
li phosphate into two fragments. Each of these two molecules contain three | 
carbon atoms. One is called phosphoglycer aldehyde (PGAL) and otheris Dihydroxy 
acetone phosphate (DHAP). These two sugar molecules are isomers to eachotherand 


"The first step in glycolysis is the transfer of phosphate group gom GN | 


L 


* are interconvertible. This is the reaction from which glycolysis derives its name, - 
1 Normally both these molecules are converted into pyruvic acid through subsequent | 
— —enzyme controlled reactions. Sincé two molecules of ATP are used this part of | 
—— glycolysis is the energy investnient phase. In the remaining part of glycolysis ATP 


» molecules are synthesized hence it is called energy yielding phase. 


| 
- In the following reaction, an enzyme dehydrogenase and a co-enzym 
——mnicotinamide dinucleotide NAD* work together. The enzyme strips off two hydrogen 
f te atoms from PGAK, These electrons are captured by NAD*. This is a redox reae 
| ia where PGAL ized by removal of electrons and NAD is reduced by the addis 
. of electro ith the loss of two hydrogen atoms PGAL is converted int 
— phosphoglyceric acid (PGA). Now PGA picks up phosphate group (Pi) present ^. 
cyte plasm and becomes 1-3 di phosphoglyceric acid (DPGA). In the very nt 
GA loses its phosphate group to ADP forming ATP and 3-phosphoglycer A 
phosphate group attached with carbon atom No.3 of PGA changes its pos 
bon atom No.2 forming an isomer 2-phosphoglyceric acid. With rer? 
olecule 2 PGA is converted into phospho-enol pyruvic acid | 


colysis is known as substrate level phosphorylation pecata 
sferred directly to ADP from another molecule. I 


et input and output Pide bia 
St mm A 


1. Phosphorylation of 
BE ic 
ET Glucose 6- phosphate | c, p - | m | 
3 i 9 
m. 
ait ructose 6- phosphate | GP | 


2. Rearrangement, follpwed by a second 
beers n, gives fructose 


ADP C5 | 


Fructose 1, 6- biphosphate | 
(3 “The 6- carbon molecule is split into 2,3 
AN / carbon PGAL. After this each reaction ] 
1 „A Phas to occur twice per each glucose | 
Ill Phosphoglyceraldehyde Q^ | 
Ow 
by a wavy line. 


1 '3-bisphosphoglycerate 
[ PGAP |. l 2 ADP 
~ P. « Ny 
sprogene [r-o | 
m2 1 | 
i i 


OC moval of water gives 2 


D 


pr 
E. 
E 

i d 
[| 

f 


DÍ NAD* 4, Oxid 
i J produces 


E xy BREESE! 2 PGAP mole 
«mw energy phosphate bond, 


5. Removal of high energy phosphate by 
2 ADP molecules produces 2 A 


molecules and gives 2PGA molecules, 
This pays back the orginal investment 
of 2ATP used in steps 1 and 3. 


6. Oxidation by re 
PEP molecules, each with a high energ 


phosphate bond. 


phosphate by 


al of high energy 
roduces 2 im 


7. Remov 
2 ADP molecules p uces 
The net energy 


e — 2 Pyruvic acid + 2H,O 
| BDA 
AD s 2P — 2 ATP 
9 NAD + 4H — 2 NADH + 2H* l 
king ba k over glycolysis for energy yield, 4 ATP molecules are . £u Ca T of 


(s 


te level phosphorylation and 2 ATP molecules are consumed cet 
. Thus there is net gain of two ATP molecules. The process also viele 
nergized electrons and two NADH. two pg 


E 
11.4.4 Break down of Pyruvic acid: e A | 
—— The molecular remains of glycolysis are two molecules of p viCàcid n 2 


m 


e three major pathways by which it is further processed. U 
nditions it either produces ethyl alcohol (Alcoholic fermentation) or la | 
dic acid fermentation) or produces carbon dioxide and water via ctic acid d 


a Kreb' 

- under aerobic conditions. i Or 
a) Alcoholic fermentation: | 

E Each pyruvic acid molecule is converted to ethyhalcohol in two Steps. In the 


C frst step pyruvic acid is decarboxylated under the action of enzyme to produce 


1 


E acetaldehyde, a two carbon molecule. NADH+H* reduces acetaldehyde to ethyl 

1 alcohol. 

A CH,. CO. COOH—27 x CH, . CHO + CO, | i 
| CH,. CHO + NADH «.H* — CH, . CH,. OH + NAD* | : 
A 1 Ethyl alcohol is toxic. Plants never use it. Neither it can be converted to | x 


carbohydrate nor it breaks up.in presence of oxygen. Accumulation of ethyl alcohol 
ds tolerable to certain level: Plants must revert to aerobic respiration before the 
concentration exceeds that tolerable limit, other wise they will be poisoned. 


= b) Lactic aci fermentation: 


| When N. H«H' transfers its hydrogen directly to pyruvic acid, it resultsin 
formation of acid. 


CH, /60 . COOH + NADH + H* —> CH,. CHOH . COOH 


___ During extensive exercise such as fast running, muscle cells of animals and 

an beings respire anaerobically. Due to inadequate supply of oxygen, pyruVie 
onvert into lactic acid. Blood circulation removes lactic acid from muse 
n lactic acid cannot be removed as fast as it is produced, it accumulat 
and causes muscle fatigue. This forces the person to quit or 
e until normal oxygen levels are restored to deprived cells. 
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lysis i.e. 
(Cytosol) 


NAD* is reduced to NADH+ Fn abe 
H*. Finall 
youn derived from Vitamin B is attac y Coenzyme A (CoA), a sulphur containing 


web's cycle for furthe b's cycle. It feed ; 
a two B e aae For each molecule of | * R ` - 
pe" S of acetyl CoA enter the Kreb's Cycle BS "— 
vi i + V ` l 
B ^m id + CoA  NAD* —, Acetyl CoA + CQ, NADH«H* 
2 ^ 
luvic acid —NAD —> NADH + HT ni Acetyl CoA 


CO Te cl coenzymes 


2 


NAD' ..NADH* CoA 


Acetyl coenzyme A, a two carbon compound now participates cyclic series of 
dation process is completed. This series of cyclic reactions 
honours the biochemist Sir 


second reflects the first step 


nzym s CoA from Ace 1CoA. The remaining acetyl fragment reacts 
E estripste 7 id to form 6-carbon compound, citric 


recycled again. Citric acid \ 
Kreb's cycle is also known as tricarboxylic 
‘A Cycle). a 

Am A 7 ses is removed and another added back so that Citric acidis 
isomerised to isocitric acid thr ough Cis-aconitic acid. . e 

dergoes an oxidative decarboxylation reacuo™: 

Eu p: electrons (2H) that reduces a mo 
o diate is decê 


1 -ketoglutaric acid is Mm 

—— sm MEA j carboxylated. A CO, molecule 

p 2 s etr ih eh phase i Sapete 
arbor ent combines 

us H+. The four carbon fragmen" * non takes plac 


en 
osphate gro up es l r 
replaced by P Guanosine tri phosphate (GTP). mri 


B Theias Giicdative step produces another 


molecule of NADH and regenerates 
oxaloacetate, which accepts a two- 
carbon fragment from acetyle CoA 


... ^ for another turn of the cycle. 


*H* 
NAD* 
Oo" 


:Step 7:Bonds in the 


ec 


substrate are ` 
rearrangeinthis. H 
step by the. 
addition of a 
water molecule. 


A. 
Y> 


Step 1: Acetyle CoA adds its 


--Co. fragment to boh à 
carbon compound The y fo 
=O bond ot acetyle CoA is broken as 
CH, Oxaloacetate displaces ine 
coenzyme and atta 
group ae 9 
r 
r, CoA—SH z Siep 2. A molecule ot wa i 
00 aes another is a Be move ang | é 
is the con of oe A i 
D TE isomer, isdcitrate Dig 
HO—C--COO H oor 3. 
4 Dad TE pope 
COO CH; RS Hi the remaining 
| Q carbon me 
COO" "T oxidized reducing 
+ 
Citrate HC NAD" Io NADH 
COO 
Krebs M Oh 
cycle © NAD* 
qoo NADH 
He +H? 
CoA—SH T Step 4: This step is catalyzed by a 
He multienzyme complex very 
RU similar to the one tne! 
qoo" lass Pe. . converts pyruvate to acetye 
H CATSH CR © : ws 
2 
Ha Ven 
2 © T Nap? > A 
COO" T" 
«H* 
+ ` 
® 


by a phosphate group, wich is s 
guanosine triphosphete (GTP). 


N Step5: Substrate level posprovateecouain san OSS D «x 


" 


a E ised to reduce NAD sC | : 
are B utpute of and FAD to NADH+H* Be m: five pairs of hyd es acid à 
inputs uts an P of kreb's cycle are shown as Nis the carrier molecules. The 

un: T 3 . 


Pyruvic acid + 3H,O + 5 carriers —-» 3CO, +5 NS 
2 s (2H* 
| 41.4.7 Electron transport system: Phy j 
Respiration is an oxidation process in which / Ni 
gen atoms in pairs are removed from oxidizing ^ bw tet 
potential 
( 


substrate at various stages during glycolysis anid 
subsequent degradation of pyruvic acid via\Kreb’s NADH Hi ME 
cycle. A pair of hydrogen atom disassociateintoa pair  ^DP«P ATP 
ofelectron and a pair of proton. FÁD FADHsH 40.12 
9H ——» 2H'2* m. 
: CoQH: CoQ -0.10 

In respiration therę ate six steps at which 
i | - hydrogen atoms in pairs are released (onein glycolysis CYTO 
and five in kreb's cycle). The electrons thusreleased at 0.04 
these stages are accepted by Nicotinamide adenine- ATP ADP«P: 
dinucleotide (NAD) and flavin ade"? dinucleotide v 9t 


| —' (RAD) from where they are passed along a chain of | 
M i , e "b", cytochrome 


j electron carriers such as cytochrome “b , E 
E “e cytoclirome "a" and cytochrome 'a-3' as po i 
v | to another, 
i fg: 11.10. While passing from one carrier aec 

these cytochromes are alternately reduce : 
Í a ve up electrons) with i 
i ef o 


i> 


bal "THEE 
sys tem, organisms are linked together in energy — 
he energy can be defined as the capacity to do work. The te 
to any energy consuming process such as living cells maintain 
across membrane and the active transport process Which , | 
. €xpenditure of energy. However, the ecological studies relating food requi "me eS 
.. energy relationship among living components of an ecosystem are rer. ad 

F bioenergetics. Energy is found in four main forms i.e. radiant ene NT I 


3 ls visti “4 


T « 
— chemical energy and mechanical energy. Only a small part of solar Eee 
11.5.1 Sun as a source of energy: vt 

| The ultimate source of energy in an ecosystem is thé sun light. It travels aş 
electromagnetic waves and about 40% is reflected back'frofn clouds and other 15% 
is absorbed by ozone layer and is converted to heat“ehergy by the atmosphere: 
remaining 45% reaches to earth, of which a small fragment i.e. 2-3% is absorbed by 
green plants while rest is reflected and dispersed, 


Light energy 


Biotic eótriponents ——J3 Heat energy 
Nutrients 


Abiotic components 
| Fig. 11.11 Diagram showing flow of energy and cycling of nutrients i 


7 11.5.2 Unidirectional flow of energy and its subsequent losses: . 
Energy from sun; flows in one way traffic and is not recycled as nutrients, 


‘though transforms form one form to another. The producers or green plants directly | 
absorb it from sun david than pass it to organisms. 


The plants Convert solar energy into chemical energy present in the bonds of 
emi substances (mainly ATP molecules). Different forms of energy iy 
angeable and they follow the set rules of thermodynamics. According tofirstlaw, 
y may be transformed from one form into another form but can neither be created 
estroyed. Whereas, second law states that no conversion can be 100 pere 
rate and some energy must escape as heat. 


$ 


tus consider a simplified energy flow diagram, where one square m». 
for example receives 3000 calories of light energy, halfofitis abso 
plants i.e. producers of which only about 1 to 5 percent \” 
nergy. Thus, only 15 to 75 calories are passed to consul 
ther loss takes place due to respiration and only 10 percet 
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available 
producers 


Herbivorous 


Producers Consumers 


PG = Gross productivity of an ecosystem 


PN = Net production of an ecosystem 


, Fig. 11.12 Energy flow in an ecosystem and its subsequent losses 
11.5.3 Trophic Levels: (Trophos = feeding) 
In an ecosystem heterotrophs depend.upon autotrophic organisms for their 
food. The autotrophic organisms produce“organic substances which are used by 
T heterotrophs. In a food chain a set of organismsis used by other set oforganisms, thus 
eating and being eaten at each stagea particular set oforganismsis referred as trophic 
level. In an ecosystem, the first set or Yst trophic level consists of autotrophic plants 
which take energy from sun and‘convert it into chemical energy in the form of ATP 
molecules. The plants are aisé referred as producers. The producer are mainly 
level consists of herbivores, they feed on 
photosynthetic organisms. Second trophic eee 
|] producers hence they are known as primary consumers. tne P 
y nsumers. They depend for the food source on primary 
00 dran at they are carnivores. Similarly the secondary 
- consumers or E mes ene arealso carnivores, hence they form 
- consumers are eaten by te 


Xx consumers may be predators. Thus 
fourth trophic level. The secondary and tertiary ires 


trophs 
an ecosystem may eaten by decomposers which are sapro 
“consumers after their death v form 4th or 5th tropic level. 


‘(bacteria or fungi) in this way 


bs t by two way Le. by 
nid of Energy: studies of an ecosystem are carried ou by des 


2 TR cal p 
The quantitative b, and by ecologi of trophic 
T or food wed: tic representation 
studying x me cn of numbers It is aeuo ri drawn on the basis of 
he Mas an carniv p 
useof 


EN 


e levels is 


duced, however the pyramids of number g 
| g situation or standing situation. The ask, 
y primary producers showing the amount of energy ds 
and convert itinto chemical energy. Hence, the e, Y trap due | 
level to another is calculated and represented diagrammatic. ‘fromone | 
of pyramid represents the amount of energy per unit aren Pyramid | 


2. E.P. Odum calculated th En egg 
a ed the energy flow for silver spring, Florida as Period 


~ 


coco YN 


` 
3 3 

eX 

X 


z : Y^ 
Carnivores to Qaimivores 


Herbivorés to Carnivores | 


à 14098 cal. N 
87110 cal. 


F.g. 11.13 Pyramid of Energy 


Producers to Herbivores | 


Gross Production 


11.5.4 The Efficiency of Energy flow and its significance: 


The efficiency of energy flow depends upon productivity of an ecosystem 
which in turn depends upoftrádiant energy. 


During photosynthesis green plants trap sunlight and convertitintofoodenergy. 

The energy stored in-food material by primary producers is said to be primary 

- Productivity. It depends upon the rate and amount of energy availableto anecosystem. 

J Onlya part of it isabsorbed by chlorophyll in production of organic molecules. The rate 
. atwhichthis ical energy is stored by plantsis, called Gross primaryp 


_ (GPP). About ty percent of it is used by plants them selves in respiration and other 
! 5, whereas the remaining is stored and is called net primary p 


The herbivores feed upon producers and thus the energy is transferred to 


'TODIJM 


second trophic level i.e. primary consumers. The production by hetero s 
ners of various levels is called secondary production. The average €^ 
rgy transfer from plants to herbivores is about 10 percent and from an^ 


al is about 20 percent. 


m as it is 


rgy is lost as heat, this is due to this fact that 


| The lesson from the pyr 

| phrase “Eat low on s amid of organic matter was summarized by a popular.1970s 

Min 1 kg of huma ix pae pe . This refers to the fact that it takes 1 grain 

M ; sues if the person eats the grain directi i 

J | E E * ju 1 "3 of human tissue if a cow eats ths grain first Hh H^ webs 

v] met . Eating lower on the food chain-eating producers 

" | precious resources on a small planet. d s tion 

E Thus, longer food chains such as in food web consume large amount of energy 
jecause loss in form of heat is greater as compared to short food chains. As man is 

theend source of several food chains, so these large food chains or food webs are not 

helpful for solving food problems. Considera food chain like grass ——3» sheep 

> man; is a simpler and linear food. chain, where loss of energy is very little. So 

hort food chains are helpfulin providing food for larger populations while food webs 


or longer food chains sustained lesser population. 


. $e : Energy transfer 0.2% 
First oro level: producers (Green plants) 
V Energy transfer 5-20% 
3 Second energy level: Primary Consumers (Herbivores) 
Energy transfer 5-20% 


| dary Consumers (Carnivores) 


E: ; Secon 
.. Third energy level: 
^ Energy transfer 5-20% 
m Tertiary Consumers (Camivores) 
/1448 Showing efficiency af a food chain ain 
E AN i ; S 
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pue 


Pho ato autotrophs use the energy of sunlight to synthesize organic m 


— Krebs cycle completes the energy yielding oxidation of organic molecule, C0; 
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= KEY POINTS 


tu nd conversion of solar energy from one form to anther 
ás p Er its utilization in metabolic activities called big 


ant and other autotrophs are the producers of the bios 


E^ and H,O. 


Ee reaction in grana produces ATP and splits water, releas 
forming NADPH by transferring electrons from water to NADP» " 


Alternative mechanisms of carbon fixation has evolved in M arid = 
C, plants and CAM plants. SN 
Cellular respiration and fermentation are catabólic i.e. energy yielding 
processes. 

Redox reaction release energy for ATP synthesis, this synthesis of ATPiscale 
oxidative phosphorylation. 

Respiration is a cumulative function of glycolysis, Kreb's cycle and electron 
transport. 

Glycolysis harvests chemical enefgy by oxidizing glucose to pyruvate, occursin - » 
cytosol, produces net two molecules of ATP. b. 


Pyruvic acid may go to 3 major pathways, i.e. alcoholic fermentation, lacticacid 
fermentation and Kreb's.cycle. 


is given off, one a is formed and e- are passed to 3 NAD* and one » | 
Energy from:sun absorbed by plant convert it into chemicals, transfert? 
consumers...’ 
Energy slow from tropic level to another follows lst and 2nd lawi 
thermodynamics. F 
Each stage in a food chain with a particular set of organisms is called trop 
level. 


The diagrammatic representation of trophic levels is called 


Energy stored in food material by primary producers is said tc ; be: | 
productivity and the rate at which this energy is stored called gro% 


Tuu. 


M "dms 2 EXI E =R C ISE = B ; 
ES e s i - ai m EM 
bus correct Shaina 
— MM is measured in er a } 
different wavelength of light : of à green plant exposed to 
(a highest in green 
t 
Ught (b) highest in red light 

(c) highest in blue light (d 
E ) highestin red and blue light 
í ere do the light- dependent reaction of 
| photosyn occur: 
a (a) in the guard cells of stomata NN 

(b) stroma of chloroplast Q y : 

(c) in the thylakoid membrane of chloroghdst 

(d) Cytoplasm of leaf t AS É 
(i) ^ Oxygen produced during photosynthesis comes from: 

(a) the break down of COȘ ^(b) the break down of H,O 

(c) break down of both CO, and H,O 


(d) Photo respiration 


(iv | Where does respiratory electron transport occur: 
(a) cytoplasm (b) matrix of mitochondria 
(c) er membrane of mitochondria 


(as outer membrane of mitochondria 


What are the economically important products of fermentation of 


e juice by yeast. 
(a) Lactic acid and NAD* (D ATP and CO, 


(c) ATP and ethanol (d) CO, and ethanol 
rt pyruvate in to three molecules of CO, is 


(vi) Process which conve 
Eu come. - (b C,Cycde 
(c) TCACI (d) Banson and calvin cycle 


d n 
- HQ o -- E 
Y RD Dod NAR: Aue 
«uU is oap ur C CARN à 


(b) Endosmosis 
(d) None of them 


: rimary electron acceptor in photosystem II is: 
(a) Plastoquinone (b) Plastocyanin 


] T A ; 4- 
| (c) Pheophytin (d) Ferrodxin 
) Flow of energy in an ecosystem is: Q | 
~ 4 Nas 
(a) Cyclic (b Non-cyclic Ss k. 
(c) Unidirectional (d) Multidirectional 1 
i (x) Enzyme responsible for the carboxylaion in/Banson and Clavin ou | 5. 
] is: z 1 f 
(a) RUBISCO (b) < BEPC 
(c) Pepsin (d) ~ Isomerase 


Write detailed answers of thé following questions: 


(i) Define photosynthesis? Describe the process of photosynthesis? 


(ii) What do you mean by energy producing process during which O, is 
consumed? Déscribe the aerobic degradation of pyruvic acid? 


(iii) What do. we mean by energy flow in an ecosystem? What is the role of | 
this Jowis the living word? 


E " dx S: answers of the following questions: 


i) Why ATP is called currency of energy in living system? 
i) — Why light independent phase of photosynthesis is called C; 


Why ATP formation during photosynthesis is called non- ¥ 
pho dee 


e pianis at hemes we ten na 
* short notes on the following: 
Chloroplast 


(i) ^ Photosystems of 


G 
Muyeis (iv) ^ Kreb's cycle VY 
Significance of energy flow in ecosystem S 

Define the following terms: d 2 
| O 

(i) Bioenergetics (ii) Phoibsynthesis-- h 
(ii) Chloroplast (iv). Antenna complex i 

E reaction centre (vi). ^ Photophosphorylation 

(vii) Chemosmotic M (viii) ^ Photolysis 


— fx)  Carboxylation (x) Oxidative phosphorylation 


(xii  Glycolysis 


(i) | Fermentation! b) 
| (xiv) Ecological pyramids 


N\A 
(xiii) Trophicjevel 
(xv) " productivity 


| © 
E pistiiguish between: 
G Photosynthesis and respiration 
(ii) Light dependent and independent 


z Pel and PSII 


$ 
Pho tophe v 
-- 3 


phase of photosynthesis 


, phosphorylation 


rylation and oxidative 


E 


$ | 
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In a very real sense, you are what you eat. Atoms from your food make Up m 

of the molecules of your body, energy derived from food powers your brain, e 

muscles and all the cells of your body. Even the first cells must have p 

materials and energy from their environment to grow and carry " y 
V 


processes. An organisms evolved the ways they gained material d 
dramatically. 


274 


"dt 
"m air 


Mc  Nutrients are food or any su 


living body for its metabolic ac es elements and energy to tk 


Both the 
Bine organic synthesis of new protoplasm and the respiratory oxidation of hig 
librus from Ducati rm - procurement of two main categories: - 
ent: eady synthesized hi "Ey compo 
or else the raw materials from which new protoplasm can be e ized and "i" 
oxygen used in cellular respiration. Y 
~s 
The main nutrients for living or RNI 
ganisms are generally CO, and H,O use 
directly or indirectly. On one hand, CO, and H,O usedG@irectly by living bises 
to produce high energy organic molecules with the help of light or chemical ener; 
where CO, is used as source of carbon for orgahie molecules. On the other han. 
CO, and H,O are used indirectly in the livingerganisms, they use already fixed Ct 


(organic molecules) as a source of carbori and energy for the synthesis of oth 
biomolecules. 


AUTOTROPHIC AND HETEROTROPHIC NUTRITION 
IS. Living organisms can be-divided into two groups on the basis of their moc 


of nutrition. 
E | (i) Autotrophic organisms prepare their own food from the raw materie 
g (ii) Heterotrophic organisms obtain the prepared food from tl 
surroündings. 


P. utrition is the type of nutrition in which organic compounk 
f; are Bea» living organisms from available inorganic raw materials a 
L ; from th “surroundings. These molecules of raw materials are small an a 
E luble_ nough to pass through cell membrane. In autotrophic nutrition 

E" corre do not require to be pretreated or digested before taking them into the 
b s ae are two methods of autotrophic nutrition i.e. phototrophic ai 


! 
chemotrophic nutrition. 


hototrophic mode of nutriti 
e autotrophic organisms have p 
COM Ae Ad chemotrophic nutrition. All the paras algae and some bacten 
E. | trophic. 
TOL phototrophic while some bacteria are chemotrop 


is the of nutrition in which organic compoun 
E CPUS pene Marg imei ré nutrients. Such heterotrophic or, 


ipie o ere SH OUS ERE HN 


IA 
Ea i 


snd in nature are too large to be absorbed unalter, 
they must first be broken down into smaller, p 
-ular units i.e. they must be digested. Most ! 
n. Carbohydrates, fats and pre 


/ e heterotrophic mode of nutritio | 
mpounds serving as energy and carbon so, 8a 


1 classes of organic co 
1 rophi organisms. * lor 
AUTOTROPHIC NUTRITION l 
a As we already discussed that the mode of nutrition in which 3 
. molecules are manufactured from simple inorganic molecules by using light lanie 
. or chemical energy is called autotrophic nutrition. N energy 


There are two types of autotrophic nutrition: 


(1) Phototrophic nutrition (2) Chemotrophic nutrition 


1.  Phototrophic nutrition: 

l Theorganisms which have ability to 
| called phototrophic organisms. The raw materials needed by these organis 
| carbon dioxide and water which supply the carbon, hydrogen and oxygen al 
synthesis of organic molecule. CO, and H,O are.not the only nutrients ma Ne 
green plants. The minerals like Nitrogen, Phosphorous, Sulphur and € for 
1 etc. are also required to produce different: molecules. It means three ke 

nutrients are needed by green plants i:e.-CO,, H,O and minerals. Besides al] i; 
three types of nutrients, the phototrophic organisms require green pigme : i 
chlorophyil ‘a’, *b' or other to absorb the energy from the universal Ne kc 
light. In the presence of the light these nutrients are used to synthesize en ^m 
compound, carbohydrate. This process is called photosynthesis "i: 


convert solar energy into food energy 
are 


( Light 
6CO, + 12H,0 C,H,,0,+ 60, + 6H,O 


Chlorophyll 


Detailed process of photosynthesis is already discussed in chapter 11. 


X 
ae ism Fpes Ep ethet autotrophs are photosynthetic bacteria. They 
BEL ae food wi ve are the only organism which are capable of synthesizing 
photosynthesis in out chlorophyll ‘a’. This photosynthesis is different 

onere hyd ei plants, because they grow in light, and usually in sulphur 
donor B ncs eas, (HS) is normally present. Hydrogen is provided by, 4 

ES Therefore yi as H,S instead of water and sunlight is used asa source” 

photosynthesis. Th ee oxygen is not released as a by product in M E 

syn s. Ihe process takes place at low expenditure of energy. 


Two common exam B. 
| ples of photosynthetic bacteria are 
guuple-sulphur bacteria and green sulphur ba ety The former contain badi 


B as syn 
Mas asa Ud tria reda Ms later chlorobium 
C . Ligh splits 
F iiin with carbon dioxide to imdi y "inp 


2H,S * CO Light 
p 
There are n Sirus ek H,O + 2S 
on- 
stagnant water, They ni a Steed ag and brown bacteria found in the mud and 
hydrogen d ynthetic and contain bacterio chlorophyll pigment. 


onors whereas sulph 
the source of energy. phur is not the by product in their 


Chemotrophic nutrition: 


Their is ano 
the source of Sk. mode of autotrophic nutrition in which light is not used as 
or nutritional requirement. In this typépof nutrition, energy 


is produced b 
nitrates, istics i. oxidation of certain inorganic substarices such as ammonia, 


Trous ions, hydrogen sulphide and a number of metallic and non- 
B E available in the environment. This exiergy is used for the synthesis 
carbo S. This type of nutrition is called chemotrophic nutrition and the 
process ofmanufacturing food is called Chemosynthesis (chemo-chemical, synthesis-to 
produce) The organisms which synthesizechigh energy organic compounds by 
chemosynthesis are called chemosynthetic‘organisms. Chemosynthetic organisms 
are mainly bacteria, e.g. Ammonia using bacteria. 


NH,* + 30,—» 2NO; + 2H;O + 4H" + energy 
Another bacterium oxidizes nitrites (NO, ) to nitrates 


2NO, + O; —> 2NO, + energy 


Details of-chemosynthetic bacteria are already discussed in section Ill, 
chapter-6. 


The chemosyn 
extremely important ro 
system. 


D RITION IN PLANT 
MINERAL NUE ce of inorganic requirements are minerals obtained 
Bre. from the soil. These elements are known as mineral nutrients 
_ directly or E called mineral nutrition. Nitrogen is also included in the 
j nutritio 
ts 


thetic bacteria that act on nitrogen compounds do play an 
le in the maintenance of nitrogen balance within the life 


because it is normally obtained by the plant from soil whereas 


portant elements, used in i 

. Modern commercialfertilizers are often designated 
es e.g the widely used garden fertilizers called 5-10-5 | 
phosphoric acid and 5% soluble potash by weight. 


found in the soil in the form of nitrates or ammonium Salts. It re 


al constituent of proteins, nucleotides, nucleic acids jand many ot 
molecules like chlorophyll, so the biosynthesis of these-molecules regui 


A 
[ 


! Jeficiency symptoms: 
— . Absence or low supply of nitrogen develops the following symptoms, ~ 


I. Leaves turn pale yellow due to loss in chlorophyll content called 
i chlorosis. ; 


=æ 


2. Process of cell-division andell enlargment are inhibited. 7 


Ce 


Rate of respiration is affected. 


4. Incertain plants veins turn purple or red due to the development i 
Anthocyanin pigment e.g. tomato and apple leaves. ] 


» 5. Plant growth temains stunted and lateral buds remain dormant, as 
3 result ceréals do not show characteristic tillering. ' 


6. Prol dormancy and early senescence including leaf falls. : 


cent Srous (P): 
.  Plantsabsorb phosphorous in the form of soluble phosphates such as 
an HPO,. ^ is BE n in the growing and storage organs suchas! 
andseeds. It promotes healthy root growth and fruit ripening by helping a asl 
of carbohydrates. : pening by helping M 

] b e k; 
It is an essential element involved in the formation of cell-memb 
10li pids, nucleic acid, co-enzyme (NAD and NADP) and organic mo ec 
and other phosphorylated products. It plays an important r yle in 

action in oxidation-reduction processes. E 


4 í s 
d 


"c 


TA 


B born of crop plant is reduced. 
_ rmancy is prolonged. 
- petioles and m and dead necrotic patches appear on leaves, 


t Bc 
H > 


Variable colo | 
urs 
i Phaseolus. develop e.g. plate green in Pisum, oli en in 
* > ) E accumulation of carbohydrates. S 
E^. E eumd of tracheal cells are reduced and ph Me differentiation 
omes incomplete. ex 
H) Potassium (K): S2 


E E is widely distributed in soil minerals. It is strongly fixed in soil, 
erefore, ound in less available form. Exchangeable potassium appears to be 
‘eadily available to the plants. a 


E The best known function of potassíim is its role in stomatal opening and 
osing. It is found in highest concentration in the meristematic regions of plant. 

tis an essential activator for enzymés involved in the synthesis of certain peptide 
onds and carbohydrate metabolistn. 


~N ) 
C NF 


A EL Á ` 
jeficiency symptoms: `` 
1 The E ec symptoms vary with the extent of the shortage of the element. 


acute deficiency: ©, 
B The colour of le 
2 chlorosi 


af may turn into dull or bluish green. 
soccurs first, which is followed by the development 
^ of necrotic areas of the tip and margin of the leaf. 
EU. unced shortening of internodes 
3  Plantis stunted in growth with a prono g 
and reduced production of grains. 
auna of broad leaved plants curl backward towards the under 
icd s - " + roll forward towards the upper surface parallel with midrib. ] 


, soil in water-soluble, exchangeable and fixed . ) 


presphormus cris contane compaq 
ds of high oil contents c : 
and when its deficiency occur? it is apparently transferpeg ¢ 
tissues where it can be reutilized in growth processes, GEEN 
caesium is essential for the synthesis of fats and metabolic. » | 
ates and phosphorous. lisms [ d 
iciency s toms: " 
V Ey symptoms develop first on the older leaves and then p 


systematically towards younger leaves. ] 
Or 


wither and shed or absetss without the 
uite severe. i 


2.  Chlorosis occurs. 


3. Severly affected leaves may 
withering stage. Defoliation may beq 


4. Leaves, sometimes, develop necrotic spots. 


Some kinds of plants have specific nutritional requirements that are not shared by 
others, e.g silica, essential for the growth of many grasses, cobalt-necessary for the 
growth of nitrogen fixing bacteria-essential for thé-growth of nodules and legumes. 
Nickel, essential for soyabean. Sodium, important in maintaining osmotic and ionic 
balances, required by some desert and salt marsh species. 


HETEROTROPHIC AND SPECIAL MODE OF NUTRITION IN PLANT © 

Plants which are not capable of manufacturing their own organic molecules 
entirely or partially depend for these organic molecular requirements on outside 
sources and are called heterotrophic plants. 


Among heterotrophic plants those which depend on living plants and 
animals for their nutritional requirements are known as parasites. Parasites 
which depend for their nutrition entirely on other living organisms are known a$ 
obligate or totál parasites and those which depend for these requirements 
partially on living organisms are called facultative or partial parasites or 
facultative asites. On the other hand, the plants which depend on dead or 
rotten organic remains of plants and animals are called saprophytes. - 
parasite, the plants which depend entirely on dead organic matter are known âS a 
total saprophytes and those which depend for these requirements partially P 


. dead organic matter are called partial saprophytes. 


12.5.1 Parasitic plants: 
M For obtaining their food requirements develop 1^" 
E ET parasitic plants 

which penetrate into host tissues for absorbing nutrients requirements. | 
E. . 


"M o " 
my € 


ir T 


di) Total stem Parasite, 
fii) Partial root Parasite, 
iv) Total root parasite. 


partial stem parasite. It has well 
—— inei Ain à somewhat woody stem and elaboratéd haustorial 
De of its food with the help of nu NA and water 

ien ough haustoria. The seeds get suci uptothestem 

Es nate, sending its haustoria in the'tissue of the host. 
mmmon/y found on shrubs, roseaceous tree$; Bauhinia and mango, 


es serious damage. Other examples of partial stémparasites are: 


often caus 


B 


Viscum — produce haustorial branches for án internal sucking system. 


E Cassytha filiformis — found in tropicS, 4 leaf less, wiry stem, send the 
he E that penetrate in the stem to develop connection with vascular tissue of 
N ost p ts. 


ii) Total stem parasite; The plants like Cuscuta (Amer-bail) is a 
common parasite which attacks stéms of many herbs, shrubs and trees. They send 
haustoria inside the tissue of hoSt,/The xylem of parasite comes in contact with the 
xylem of host and phloem of patasite to phloem of host. Through xylem it sucks the 
Water and nutrients and through phloem prepared organic food material. The host 


plant eventually dies off due to exhaustion. 


: f this category are rare. 
ii) ^ Partialroot parasite: The example or types o 
The sandal wood tfee is an important example. Its seedling can grow for a year but 
101 a year the sucking roots of plant attack the root of 


E g 
not so inde ntly. Within 
d " f wie Ae from them nutrients are absorbed. 


iv) Total root parasite: They suck their nutritional requirements from 


IM ks the roots of plants belonging to the families 
Eroots of host e.g. Orobanche atv son the roots of Calatropis. Striga 


tanche parasitize 
à E: and Cu oig em of a, commonly found on Sorghum or 


le 
reak dead organic food material into simp 
: it pe and development are saprophytes. There 


ver or alfalfa one, 
Mid , rice 
because cyanobacte 
Y and enrich the growth of rice p 
too acidic for bacteria to survive, insectivorous plants such as 


ra and the pitcher plant, have evolved the ability to gain needed 
ing and digesting insects. 


ivorous plants (Insectivorous plants): 3x 
plants which have insects and small birds as their WS ooker 
|that the digestion of carnivorous plants is like that of animals, infact enzymes 
y these plants are similar to those found in human stomaehe:g. Pepsin. 


artially heterotrophic plants are carnivorous 
anufacture carbohydrates but are not i 


athesizing nitrogenous compounds and prateins. For their nitrogen or 
irement carnivorous plants have to dépend on insects which they 


i gest by specific devices developed inthem. 


Partially autotrophic plants and p 
9ssess the green pigments and can m 


ese plants commonly grow in areas Where nitrogen is deficient due to 
le atmosphere for nitrifying bacteria but favourable atmosphere for 
bacteria. They have to depend on insects for their nitrogen and protein 


nents. Some common examples are: 


d) Pitcher plant: It;/hàs a modified leaf of pitcher shape. Common 
ipleare Nepenthes, Sarracenia, Cephalotus, Heliamphora, Darlingtonia. Common 


; 
l 


er plant is Sarracenia pi zurea or yellow pitcher plant Sarracenia flava. 
Q 
n i . 
A Lid Leaf base 
Opening of pitcher 
Rim 
JA Leaf base Tendnilar 
petiole 
Petiole 
Pitcher Pitcher 


Ridge zu 


E E abit of he plant An enlarged portion of leaf | 
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£ 
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Q 
Dee of Secreted liquid 
Vascular tissue 
Habit of the plant 


: Enlarged tentacles 
Magnified terminal showing internal 


region of leaf organization 


Fig.12.2 Drosera/ or sundew 


iii) ^ Dionaea muscipula or Venus fly trap: It is most well known of all 
mmivorous plants. Charles Darwin called it "the most wonderful plant in the 
world". 


t 
X 
i] 


Fig. 12.3 e 
— Habit of pla: e s th the inflorescence 


the 
. trate radia nstricted upto 

. It has a rosette of pros rn and lamina is co mid.rib in centre. 
two 


PP aquatic lant v _ = i th 
sified leaves, which have two lobed mobile lamina s... 8. 


‘margin sensitive jointed hairs and stalked gland on the 
Leaf ^» 


- 


Stem 


Habit of the plant An enlarged terminal 
portion of leaf Q 


Fig. 12.4 Aldrovanda 


, v) Utricularia or Bladder Wort: Rootless plant have-much branched 
J slende: stem. Leaves are also much divided, some of the leaflets are developed into 
_ bladder like traps of about 1/16 to 1/8inchesin diameter. Thetrapes have trapdoor 
enterances which allow small aquitic animals to get in. with no return. 
4 celled gland 


Inflorescence 2 celled gland 


Glandular hairs 


j 
Piliform 
1 .z Bladder hairs 
Valve Wi 
Habit of the plant Ar enlarged portion A cross section of bladder 
Fig. 12.5 Utricularia 
TY HETEROTROPHIC NUTRITION IN ANIMALS 
| The he ophic nutrition is that nutrition in which the organisms are 
dependent other organisms, plants or animals for complex ready made 
food. Their carbon source is organic. They use it as a source of energy for 


organic 
their vital activities, building materia!s for repair, growth and to et (procure) 
vitamins, that cannot be synthesized in these organisms. All animals, fingi andthe 


- majority of bacteria fall into this category and are known as heterotrophs. 


> The manner in which heterotrophs procure and take in food ve 
- considerably, but the way in which it is processed into a utilisable form wi 
š similar. It involves digestion, reducing complex food into solu 4 


nd absorption ed which soluble food molecules are absor 
type of nutrition is known as holozoic and is found in ne 


| des of heterotrophic nutrition are saprotrophic and p 


rbivores (cow). Some feed o Primary 
ert n other animals producers 
i thé t eat meat as well as vecta kee 


and are known 
known as carnivores (dog) and 


1). are termed omnivores (crow and 


cl food UR known as 
ermed as macrophagous feeders. d in the form P large pieces, are 
E. ^. 
"A HOLOZOIC NUTRITION 


The nutrition in which complex, non-diffusiblé food is taken in and digested 


Large, complex, insoluble organic moleoóüles'of food - 


INGESTION 
Teeth Teeth 2 
(mechanical (mechanical 
digestion) digestion) 
Hydrolysing Hydrolysing 
enzymes enzymes 


digestion) digestion) 


Small, simple 
soluble 
molecules 
absorbed 


Small, simple 
soluble 
molecules 
absorbed 


\ ABSORPTION 


Į Used in ) ASSIMILATION 
Used in metabolism 


metabolism 


sible molecules which can be absorbed and assimilated is x own p 
: nutrition. It is found in free living animals which have a specialized | 

i tract in which various processes occur. oe 
|. — The holozoic nutrition is achieved by the following processes. 
^m The taking in of complex organic food, 
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Wo 


© 


| a be Ingestion Dane i 
(T2 Mi: . Digestion — The breakdown of large complex insoluble niat 
: molecules. 
Absorption  —  Theuptakeof soluble molecules from the digestive region 
across a membrane into the body cells. 
-4. Assimilation — The utilization of the absorbed food molécules by the 


PI body to provide energy or materials for tissue building. 


b 5. Egestion — The elimination of the undigested-food from the body. 


EEZ: DIGESTION AND ABSORPTION 


12.8.1 Digestion: 
It is the process by which large complex insoluble organic food substances 


—are broken down into smaller simple soluble molecules by the help of enzymes. This 
is achieved by mechanical breakdown and' enzymatic hydrolysis. 


1. Need for digestion: 
For holozoic nutrition digestion is the most important process, as the 


organic food which is taken in (ingested) is complex and cannot be diffused into the 
body tissues until it is made simple and diffusible which can readily be absorbed 
into the body. Hence, there is a need for digestion by which large molecules can be 
converted into smaller soluble molecules which can be easily diffused. 


2. Types of digestion: : 
The digestion is of two types, extracellular and intracellular. The extracellular 


digestion takes place out side the cells. The intracellular digestion takes place 
inside the cells, Both the types of digestion involve the mechanical and chemical 
breakdown'of the complex food. In mechanical digestion, the food is broken into 
small pieces mechanically, by churning or mastication. The chemical digestion is 
theenzymatic hydrolysis, during which the mechanically digested food particles are 
- acted upon by the enzymes in the presence of water, modifying them chemically into 
- simple soluble molecules; which can be absorbed readily within the digestive tract. 


_ Sac like and tube like digestive system: 
E The organs which are involved in all these processes (ingestion, digestion, 
R absorption, assimilation and egestion) constitute the digestive system. It may bef 
. sac-like or tube like. In sac-like digestive system, there is only a single oper 


Da ' 
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TN 


‘known as the mou 
th 
also functions as the qj, € mouth o 
di pens into 
| p of digestive juices. Rede cavity. The foo a large sac-like 
ce it lacks the anal opening undigested food i 


system has an advantage over : 
! thin the digestive tract. 
3. Ingestion: ) 


C3 
As already mentioned earli v 
ler the i WS 
nutrition by which the food is taken in dn T is the initial process of holoz 


XN. r directly by phafocytosis or through t 
BE E v Sis is seen in protozoans like Amoeba, Paramecium ir 
odis taken into, the food vacuole either through pseudopodia or throu 


ciliary action, where it is subjected to intracellular digestion. 


In metazoans, the ingestion takes place through the mouth whichis a permane 
opening of the digestive tract. In microphagous feeders such as filter feeders € 
Daphnia, the limbs with stiffbristles move forward to draw water containing suspend 
food particles towards themselves. The bristles filter off the food from this feedi 
current. When the limbs move backward, the food is propelled towards the mouth. 
Mytilus (common mussel) and other bivalves, the movement of cilia present on the gi 
causes a current of water to eriter the body via an inhalent siphon and leave throug 
exhalent siphon. The water which enters contains the food particles, which ¢ 
entangled in the mucus. This trapped food is then swept by cilia towards the mout 


ingestion is facilitated by tentacles or arms whi 
the algae or by some other means. In fluid feede 
ing and sucking. 


In macrophagous feeders, the 
seize the prey ðr radula which scraps 
the mouth parts are modified for pierc 


12.8.2 Absorption: sin which the digested soluble food substanc 


igestion proces 
Itis the post digestion p dy cells or through body fluids, blood and lymp 


into the bo 
Eee Bue ested food is diffused into the cytoplasm, from where it 
In protozoans, the e f the body through cyclosis. In metazoans, it is diffus: 


the parts 0 
iow diis ida directly or through the transport medium (blood and lymp! 


Assimilation is 
- utilized within the cells € 


ED 
. the body. 


4 


Tw 


e nutrition. The digested food 


te goal of th 
jp alii £ or materials to be corporated in 


ither to provide energy 


p 
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on of the undigested food either (ross: 


a 


VUTRITION IN AMOEBA, HYDRA, PLANARIA AND Cc 


1 Nutrition in Amoeba: 
Amoeba is a microphagous feeder. It feeds upon small aquatic or, | 
bacteria, flagellates, ciliates and minute food particles. Organismy 


—— "When a hungry Amoeba approaches to some food particle, it prod T 
its pseudopodia in the form of food cup which engulf the food parti by ae 
‘into food vacuole. The food also contain some water. This conu din. 

— The next step is digestion which is facilitated by the lysosomes few e | 
| E urround the food vacuole and get fused with the membrane? to discharge | 
enzymatic contents (proteases, amylases and lipases) into it? Hence the E 

— is intracellular. At this stage the vacuole becomes a digestive vacuole. It dec | 


z in size as the water is withdrawn and its contents first become acidic (pH 9.6) and 


_ — "then alkaline (pH 7.3). When 
— the digestion is completed, 
the digestive vacuole 
membrane is drawn into 
numerous fine canals. The 
soluble food particles are 
passed into the canals and 
finally into the surrounding 
cytoplasm by micropin- 


— 


. Food vacuole forms which contains 
food particles and water. 


m 


Decreases a little in size as a result 
of water loss from vacuole. 
Increased acidity pH 5.6. 


e 


Enzymes discharged into food 
vacuole from lysosomes 


ocytosis. The digested food, surrounding the food vacuole. 
water and minerals are 

(absorption) into the 4. Fine canals ipe "e -— 
cytoplasm and circulate in it, vacuole along wh — 
E cyclosis eh the dra RN 
food is ass into new 


protoplasm S oxidized to 5. Exocytosis of any insoluble 9 


liberate ergy. The indigestible material. | | 

undigested food is egested by | 

exocytosis at the rear end. a 
es Fig. 12.7 Ingestion, digestion a^ — | 
| 1293 Nutrition in Hydra: ý absorption in amoeba 


e~ 
A 
Uu 


. Hydra is one of the simplest heterotroph to carry out extracellular s s 
iin the body cavity. It is a macrophagous feeder and feeds upon small ys 
ike crustaceans, small annelids and insect larvae. When these 97. t 
st the projecting cnidocils of nematocysts located on the tenta" 


ET 


Fig $ ‘ 


ar discharged and the prey is paralyzed. The tentacle then bends over the 


th < » with other tentacles. The mouth o 
or the body resulting in ingestion. pens widely, enabling the prey to 


The mouth opens into the body cavity (coelenteron), bounded by th 
: eendoderm 
saving glandular and flagellated musculo-epithelial cells. The Hive secrete: T" 


sroteolytic enzymes which initiate extracellular digestion. The flagellated cells and . 


| the contraction of the body wall help in the circulation of food and enzymes and result 

dr mechanical digestion. Hydra can digest proteins, fats and some carbohydrates but 

aot the starch. Extracellular digestion is completed in about four hou 'he semi- 

“gested food particles are engulfed by the phagocytic action of the flaellated celis 
where they are completely digested. Thus the digestion in Hydra fs extracellular as 
wellas intracellular. The soluble food particles are diffused tbrüngh mesogloea into 
the ectodermal cells and the undigested food is egested through the mouth. 


—— 
d 
" alu. 


, Mouth 
Tentacle 


Hollow 
thread 


Minor barb 
m 


/ 4 Major barb 
“Giacd Cell 
Hollow thread 
Gastrovascular V $ Capsule ^, S y X P à 
cavity dr ty N 1 | "Mr fe 
Gastrodermis : Je. NO 
— 
Mesoglea Nucleus : 
(b) 
Epidermis Uncharged Discharged 


Basaldisc WA (a) 
g S Hydra: tudinal section showing the detail of wall and the 
| pes Hydro: (oar capit (b) Nematocysts (discharged and uncharged) 


, | acea is sis living flat worm. It is carnivorous and feeds upon small 


animal debris. Planaria ceives the presence 
ns crustaceans, ead debris. P Pant in the slimy 
loo at a distance and moves 


towards it. The prey gets en 
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o is glands. Soon the pharynx is "Vert: 
ventral surface and seizes the prey, y 
geal sheath along with the prey, where the ey. ig 
pumping action of the pharynx, and the enzymes. oe Tace 
testin er eats of three : The ph; 
1anterior and two lateral. All these 
sive off numerous branching 
which ramify through out the body 
ing into the tissues, ending blindly. 
is absent and the undigested food is 


—— —  Themuch branched intestine is a means 
‘of increasing the surface area for digestion, 
absorption and distribution of food. 


Digestion is both extracellular as well as 
intracellular. Partially digested food particles 
are taken into the cells lining the diverticula, 
— where they are completely digested. The 

digested food is then diffused into the 
"mesenchyme cells which help in the 
distribution. 


Mouth 


Fig. 12.9 The digestive system 
12.9.4 Nutrition in Cockroach: of a planarian 
NK Cockroaches are omnivorous árid can eat any kind of organic matter. They 
search their food by their antennae, Their digestive system is tubular, having a 
Straight slightly coiled digestive tube opening at both the ends. Hence, the digestive 
System is complete. The mouth lies at the. base of the pre-oral cavity which is 
bounded by the mouth parts, labrum (upper lip), labium (lower lip), mandiblesand 
maxillae. The maxillae pick up and bring food to the mandibles for mastication, 
Where it is mixed with ‘saliva produced by a pair of salivary glands. The saliva 
contains amylase a acts upon the carbohydrates. 
The mo th-opens into a tubular pharynx which in turn opens into the 
gus * in the thorax. It dilates into a large thin walled pear shaped crop 
ic into a small rounded thick walled gizzard lined by cuticle in the tommi 
of teeth, which grind and strain the food. This portion from pre-oral cavity to gizzard 
is known as fore gut or Stomodaeum. 


E The mid gut or mesenteron is a narrow tubular portion having 
hepatic caeca which hang into the haemocoel, ending blindly but opening into" 
gut. They are lined by glandular cells, which secrete enzymes. Theenzymesp raal 
yy the mid gut and hepatic caeca flow back into the crop where proteins ang 147 
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mes and the digested food. The dige st on .— 


Eye 


Oesophagus 
| Salivary gland 
-Salivary receptacle 


Gizzard 
t 
Hepatic Caecum ^ 
Ca I oV 
Mesenteron sevens 7 
Malpighian ; Ó 


tubules 


Rectum 
ileum 


Fig. 12.10 Digéstive system of cockroach 


The hind gut or proctodaeum has a cuticular ectodermal 
lining. It has a short tubular ileum, along coiled colonand a broad rectum opening 
out through the anus. The rectum absorbs and conserves the much needed water 


from the undigested food before expelling out the faeces. 


HUMAN DIGESTIVE SYSTEM 
Eg: is oan advanced heterotroph, having a perfect digestive system 
with perfect acellular digestion. The digestive system of man consists of a one 
: E 9 which food is admitted at one end and faecal matter is expelled out 
E eo end. This tube is commonly known as gastro-intestinal tract 


which runs from the mouth to the anus. Itis specialized at various places along its 


| length sth with each region designed to carry out a different role in the over all processes 
Tras ‘ingestion, digestion, absorption and egestion. 
b. i is followed by the pharynx, 
the mouth and buccal cavity which is fol 
ig Bp. small intestine comprising the duodenum, jejunum and 
. The large intestine consists of the caecum bearing appendix, colon and 
erminating at the anus. 


ermine 


M 


Small 
intestine \ CERES 
Duodenum of 


^. Large small intestine 
intestine 


— Anus 


Fig. 12.11 The digestive system in man 


It T: s 


— Itis the anterior opening of the gut, which is bounded by fleshy lips. Thel s 
ily close the mouth bilalso help in ingestion. The mouth opens into the oral 


S 


).1 Oral y: | 
isay ide avity supported by the bones of the skull. The cheeks forming 

lis, the tongue its floor and the palate its roof. The jaws form the boundal) 
uth. The upper jaw is fixed but the lower jawis movably attached. Both th 
r teeth which are used to masticate food into smaller pieces, resulting 
‘digestion which increases the surface area of food for action oft 


| € two sets of teeth (diphyodont), deciduous or milk tee 
oy the permanent teeth. The teeth are of different 


"n 
= 


Á í 


pred 
edges by 


In i N 
Inci E 6 - 9 Months <> 
isor 2 «UR ; vv 
Canine — ^—X 9C -12Months . 
-— se NL 


Ce 
Premolari. 1) es 
d ilie 79 E 12 - 16,Mofiths 
remolar 2 — ^ 4 
Gy Deciduous teeth N2 200) Mollis 


- 


Incisor 1 6 - 9 years 
Incisor2 N 7 - 10 years 
Canine - x 9 - 14 years 
Premolar 1 ——. 7: M 9 - 13 years 
Premolar 2 ate! 11-14 years 


Molar 1 5 - 8 years 


Molar 2 10 - 14 years 


16 - 22 years 


Molar 3 Permanent teeth 


Fig. 12.12 Succession of teeth 


atal diseases: 
oben is a mixture of bacteria and salivary materials. If it is allowed to 


| dition 

M ria cause inflammation of the gums. If this con 
— dos b nation may spread to the root of the tooth and destroy the 
continues, the ally the tooth becomes loose and falls off or may have to be 
: isease. Plaque also combines 


tu 
, peridental layer. Even 
- extracted. This 


known as periodontal d 
E the saliva which become harden and calcified forming 


bacteria 

ot be removed by brushing. Some of the 
ama ch causes dental caries. In which the enamel 
tooth are attacked, produce 
by several factors. Prolonged | 


+. 


structure posteriorly but free z 
d with saliva and aft, 


elps in sucking an 


an 1 H ich pr am 

Eh day. The Parotid glands lie B butar lands atthe ed 

: pase of the tongue and the Submandibutaré NS ! b 

", Some mucus, am 
ye saliva is retion containing 9596 water, cc 
zy E The. us moistens and lubricatés.the food for comfo; a 
Bormes alivary amylase begins the digestion of starch, first to dextri 
poly saccharides) and then to disaccharide maltose. Lysozyme destroys tf 
sathogenic bacteria. Ultimately the semi solid, partially digested fo 
ther by mucus and molded into‘ rounded mass bolus by the to E 


125 7 
Aleo ne 
diowv t 


E 
D 


Z5 Jg) 
or 


pushes it into the pharynx. 


. i 
—" 
TUS 
E ( 


2 Pharynx and Swallowing: i 
it is the posterior narrow part'of the oral cavity which contains the openin 
phagus and glottis in addition to the openings of the internal nostrilsand 


ND 


bould either breathe or swallow the food, but not both. — 


Soft palate 


Pharynx 
Epiglottis 
depressed 


involuntary action tary action but afterwards it continues as 
— cartila en fla. The soft palate helps in Swallowing during which the elastic 
en th over the glottis - the be m 
arynx, so at fi d pipe. Howev 
accidentally Some thi no food P" ues era e epdutis ani Do 
swall reflex expels it out and thro 
Owed food in the form of bo 


mus m lon 
cular tube containing mucous glands about 25 c g 
ugh the th 


1 talsis 
racic cavity, It conveys the food and fluids by.peris 
the stomach. 


Peristalsis: 


t is peristalsis. 
The basic Propulsive movement of the gastro-intestinal tract is p 
These are i 


i . The usual 
alt te rhythmic contractions and relaxations Of the gut wall 
Stimulus for peristalsis is distension. 


i ily. 
i n flow down easi 
To swallow water peristaltic movements are required although it ca 


Food 


Esophagus 


Stomach 


canal 
‘ent of food through the alimentary 
14 Moveme 
Fig. 12. 


Antiperistalsis ; 


ion, 
tion or over distens 
f excessive gastro-intestinal irrita 
o 
ly stages 
| In the ear 


ars. When the 
minutes before ee nicus phageal 
often chis Mu me upward through the 
on ulsion ofthe gas 
muscles c d the exp 
abdominal win. 


in the form of vomiting. 
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pag lying below the diaphra E 1 
muscular : e functions: storage ofan i 
6i ^ à i peristalsis and the chemical digestion of food by foog , 

digestio | enzymes - 
educed to a creamy paste € £ 
| Anterior cardiac region having m a. 


hincter. The middl 
- us through a cardiac Sp ir 
URN generat anita grt ande he Sat 
he fundus lis, Zymogen cells secre 
Seen f cells; Mucus secreting Ce 
inc Ea Oxyntic cells which secrete dilute hydrochloric acid having a py 
inoge known as gastric juice. The mucus 


5 to 2.5. This collective secretion is 
x Ea protects the stomach lining from self digestion by pepsin. The HC] 
the bacteria and activates the inactive enzyme pepsinogen intó pepsin which 


acts upon proteins and convert them into short chain polypeptides, peptones. The 
posterior part is the terminal narrow pyloric region which like the cardiac region 
iroduces mucus. It opens into the duodenum through pyloric sphincter or pylorus 
which acts as a valve and serves to retain food in the stomach for about four hours, 
Periodic relaxation of pyloric sphincter releases small quantities of chyme into 


uodenum. 


T BEES ach has three regions. 


| | Pepsin is secreted in an inactive state otherwise it would digest its own cells. 


Serosa 


Fundus 


Oesophagus 
Cardiac sphincter “ 
(23 
Longitudinal muscle layer 
( Circular muscle layer 
SS Oblique muscle layer 


MDCAT BY FUTURE DOCTORS (TOUSEEF-AE 


an 


in the presence 

Of partial 
Produce gastric juices, Sith. 
food lying against the 
waves move down th k peristaltic waves also 


food but also provi 
of stomach. de weak Propulsion tomo 


12.10.4 Small Intestine: AS 
Next to the stomach i AA 
" wide. Its coiled loops fil de. ar small intestine, about 6 miétres long and 2.5 cm 


the abd itv. TÉ 
small intestine, duodenum, jejunum Mot avity. pére are three divisions of 


(p vé pr om we m tt 


Duodenum: , 
; Duodenum begins just after the pylorie‘stemach. It is about 30 cm long and 
— runs parallel to the stomach. It receives a common bile duct and a pancreatic duct 
opening by a common aperture. The chyme on entering the duodenum meets the bile i 
from the liver and the pancreatic juice from the pancreas. Bile is yellow in colour buton ; 
exposure to air it changes to green. It contains water, bile salts and bile pigments but 
no enzyme. The bile salts (sodiunrbicarbonate) neutralize the acid of the gastric juice 
—and make the chyme alkaline. The other salts emulsify the fats into small fat globules 
— which can mix with water.to form an emulsion. Fats can be digested only when 


emulsified. 


d isments bilirubin (red) and biliverdin (green) are excretory 
Bots formed ti the breakdown of haemoglobin of worn out R.B.Cs in the liver. 


i f 
l secreted by the pancreas, under the stimulation o 
Pancreatic j ed id produced by the duodenum. Secretin is produced under 


another hormone cuir d with chyme. The pancreatic juice is a watery, colourless 


. the stimulus of HC tease), chymotrypsin, amylase and 
| uid having four enzymes, trypsin (pro 


recursor trypsinogen which is activated 
Trypsinis secreted ier the duodenum. Itacts upon the pole 
, chymotrypsin converts case 
into polypeptides. € 
and conver ie an Amylase converts starch and grona 
intoshort chain emulsified fats into fatty acids and glycerol, w 


f fat. Thus the digestion of fat is completed in the 
o 1 
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Fig. 12.16 Structure. of small intestine (duodenum) 


2&5 s 


E. Jejunum passes into ileum{which is about 3.6 metres long. It receives much 

| diluted food chyle containing digested food in the true solution form. The inner 
. wall of the small intestine contains circular folds with finger-like microscopic 
— projections called villi, whose walls are richly supplied with blood capillaries and 
ly m o vessels elle glicteals and contain smooth muscles. They are able to 
'ontract and relax,constantly thus bringing themselves into close contact with 
food in the s intestine. This increases the absorptive surface area. Each 
s epithelial cells having microvilli on their free surface. The 

ides and amino acids are absorbed into the blood capillaries either 


| enter the lacteals and pass into the blood stream The blood c 
Santi 5 i apillaries 
to form the hepatic portal vein which delivers the absorbed food to the 
e itis stored and is distributed to all the cells of the body. 


hi : i a edin the absorption of digested food as their concentration 


d inorganic nutrients are absorbe 


It has a lar 7 
olon and a te Pe ege ipa about 6.5 
ominal cavi 


—notably calcium in excess in th 
are stored in the rectum for s 
through the process known a 


S egestion. Many symbiotie'bácteria present in the large 


intestine synthesize amino acid 
S i ; ; 
absorbed into the blood stream. and some vitamins especially vitamin K which are 


12.10.6 Liver and Pancreas: 


Liver and pancreas are two important glands which are closely related to 
digestion. Liver is the largest gland as-well as the largest organ of the body. It is 
reddish brown in colour and lies behind the diaphragm more towards the right side. 
It has two main lobes, a right anda left lobe joined by a ligament. The left lobe is 


further divided into two lobes. 
Hepatic ducts 


Common hepatic duct 
Cysthycuct Common bile duct 
Gall bladder 


Pancreas 


Duodenum 


Plica circularis 


Papila of vatea 


Fig. 12:17 Man 


1 ler forming : 
E ELT 


lic f m dei tion center and storage or, T 

rir eA E rate quantity oflevel of nutrients in 
ways. Surplus amount of glucose is deposited in 
der the glucose is transformed into glycogen in the p r 
; the pancreas. The glycogen can lz 


Di cnn, ergy to meet the body’s Fes em 
EE A after deamination (removal of N oup), which 
ea. The liver also processes fatty acids and stor € products as 
's which later are released as nutrients for active uscles. Liver also 
tain poisons from harming the body by breaking them into harmless 
s. In addition to these functions liver stores vitamins, produces 


les 
M 


substances for coagulation of blood. It keeps the composition of blood - 
istant. It excretes out the bile pigments: arid other waste products. 


—The pancreas lies behind the stomachthorizontally within the curve of the 
lenum. It is exocrine as well as endoérine in function. The exocrine part 
s pancreatic juice and the endocririe part produces insulin and glucagon 
7 Anus and Egestion: ! 

1e external openin the anal canal is known as anus. It is used ini 

The bulk of the eis consists of dead bacteria, cellulose and other plant - 
mucosal cell$; mucus, cholesterol, bile pigment derivatives and water, — 
ough the anus. Two sphincters surround the anus, an internal one of - 
scle, the control of the autonomic nervous system, and an outer | 
ated muscle controlled by the voluntary nervous system. *; 
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| action | 
Buccal cavity | 


(Pro) rennin (in young) 
Pepsin (ogen) 
Hydrochloric acid (not an 
enzyme) 


Stomach 
Stomach 
Stomach 


Nucleoproteins 
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Dipeptidase 


small intestine dipeptides 


Nucleotidase 


Small intestine 
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Small intestine 


Nucleosides 
Trypsin 


Amylase 
Trypsin (ogen) 


Small intestine 
Small intestine 


Maltose 
Peptides 
Chymotrypsin 


Elastase Small intestine i jer 
Chymotrypsin (ogen) | Small intestine Proteins Mes P 
1 Carboxypeptidase Small intestine Peptides Ling het 
Lipase Small intestine Fats Pes a d 
T lli tine Nucleic acid Nucleoti 
| Nuclease Sma intestin à diens 
t 1 Bile salts (not enzymes) | Small intestine ats 
i 
nnd | 


DISORDERS OFTHE GASTRO-INTESTINAL TRACT 


12. 11 
i= 


Diar i matter 
7 E E loose motions results from rapid movement of faecal 
— Diarrhoea or Jo 


í i to 
ia in the intestinal tract. Due 
virus or by bacteria ! S : llincreases 

es irritated. The motility of the ee TE quantities 
ES ucosa becom may cause diarrhoea, causing € owes 
folds: Sometimes in d into the intestinal tract along with the 
e 


hoea is 
bonate ions to be M ter, leading to death. Psychogenic Diarr 
of sodium ions 


nervous tension. 


Om tritis Caused by a 


, 


jary: inflamm intestine characterised 
tary s an acute ceu: ri caused by bacillary or 
B s d mucus in the stool. It is 
with blood an 


11011. 


> b , é 
"mI L. ru m 4 3*7... 4 i - 


ai 4 Di at ion is irregula Alc 
of inhibition of normal defecation refle XES. 


an d veins occurrin; 
also known as haemorrhoids. These are dilate i 
is. . Such haemorrhoids may be external or internal to thea 

al piles are covered by skin while the internal ON beneath 


P4 


he most common cause of piles is the constipation. SE ertec 
with the véms resulting in their - 


5 ons to defecate stretches the skin along 
orming haemorrhoids. Piles can be avoided by regular habit of defecation 
use of fibre diet, which is coarse in texture and fakes it easier to pass out. b 


Dyspepsia: 
wn as epigastric Yiscomfort following meals. Itmay 


| - Dyspepsia is commonly known 
ae a peptic ulcer. This is characterized-by heart-burn, flatulance, by the 


‘nausea and vomiting with or without abdominal pain. 


- Some persons have persistent dyspepsia for which no cause can be found. 
saad non-ulcer or functional lyspepsia caused by disturbances in the motor 


on of the alimentary X3 


| E weytic ulcer: s 
3 E. ulcer ádamaged area ofthe mucosa caused by the digestive action 


ja t few centimeters of the duodenum. In addition, peptic 


: E. etur in the stomach or more rarely in the lower end of the 
gus stomach juices frequently reflux. 


i Inaddition to hereditary factors | 
psychogeni tcause 
j acom to play £ a role in peptic Eion, phe tors A 


: A T ms 
på of over nutrition which is morecommon 


HE Over weigh V 
|? Obesity s see obesity: N) 
condition in which th 9st common nutritional disorder. O "A 
à ereis an excessive amount of body sity may be defined as 


use there is im | 
beca balance between energy intake hp es one 


prevalent in middle a 
ge but can occur at any stage of life? Itcan bes family tendency. 


Over weight is associated with an i : 
i l an increased rate of mortality at all ages. A 
substantial reduction of the body weight of abese people is alone sufficient to ae 


the death rate. 


(10) Anorexia nervosa: | 
Anorexia nervosa is loss of apetite for food, a psychological condition usually 


seen in girls and young women, characterized by severe and prolonged inability or 
refusal to eat. Some times accompanied by spontaneous or induced vomiting. 


11 ulimia nervosa: i 
E E is almost exclusively confined to women and the age of onest is mes 
older than f texia e symptoms of bulimia nervosa are recurrent bouts 0 
eS - control over eating during binges. The binges occur atleast 
lates and dairy products. 


binge eating, lack of self-con ede 
ekly and i such as cakes, € oco 
EUS padit nud in the adult women. 


Itis an exclusively 


abnorni 


dhlv ; possessing r "Ou: 
3 eth their hosts and mode of ives, 4 


K, 
ay be pathogenic which cause diseases tod 


| as e no harm is done to the host. " 


me endoparasites of man: Q 

NO Vv OM 
's which cause several diseases like influenza; rabies, y 

r y elitis, measles etc. ha 


a cause tuberculosis, typhoid, cholerg ique tetan 1s, 


i pes mostly dermatophytes which chase ring worm disez 
er skin diseases. 


oar uch as malarié Caused by Plasmodium, trypanosom 
a, leishmaniasis by Leishmania, amoebiasis by Entamoeban 
hers are common human diseases. 


uman diseases, such as taeniasis caus 

disease caused by Ancylostoma. Roun 

r itant of intestines of children causing As 
cularis.causes itching around the anus. Filariasis is cal 


+t.. © 


+ è 


P n ^ cause serious diseases in 


‘Nutrients are the food or el 
and metabolism. ements required to get energy and matter for growth 


In autorophic nutrition ener 


substance. £y is produced by the oxidation of inorganic 


Minerals requir i i 
E quired by plants are selectively absorbed from the seil By roots 
nts require ni | 

q nine elements, the macronutrients in fairly àegé amount. 


Symptoms of mineral ici . 
elements. deficiency depend on the funetión and mobility of 


rniv : Ai +e 
Carnivorous plants obtain nitrogen and mineral$ by killing and digesting 
insects. - E 


Organisms which feed on organic food are said to have heterotrophic 
nutrition and are called heterotrophs: 


The problem facing any heterotrophti ishow to acquire and take in food and then 


break it down into soluble prodtiets capable of being : absorbed. 


Heterotrophs can be classified into holozoic, saprotrophic and parasitic. 


rition involves ingestion, digestion, absorption, assimilation 


Holozoic nut 
and egestion. 

Digestion may béintracellular or extr 
and chemical digestion. 


Extracellular digestion ma 

digestive system. 

The digestive enzymes work by splitting specific chemical bonds in the 

molecules of the food substances. 

The absorption of digested food takes place by diffusion either directly int 
ea 


cytoplasm or through villi into the blood for transportation. 
tion, Piles, Dyspepsia, Peptic ulcer and Food 


acellular involving mechanical digestion 


y be through sac-like digestive system or tube like 


othe 


Diarr sentary, Constipa 
Diarrning are disorders of the gastro- -intestinal tract. 
arasite on other animals have parasitic nutrition and 


! asa 
Animals which live par enm 


Ee 


f of organic material ofa plant come: f 
(b) Carbon dioxide 


Atmospheric “ee 


ET Nitrogen N 
(d) Phosphate 


Mis with its| 


n (a) Calcium — Formation of cell-wall." 
— (b) — Magnesium — Constituent of.chlorophyll. 
E (c) ^ Iron — Component of chlerophyll. 
— (d Phosphorous — Component of nucleic acid. 1 
Anautotrophic nutrition inwhich energy is produced by theox 
of inorganic my is: 
(b) Chemosynthesis 
(d ^ Chemotrophic 
into dull or bluish green due to deficiancyo 
(b) Phosphates 
(d ^ Magnessium 
th. ch of the organism, digestion is intracellular: 
Earth worm (D Planaria 
Grass-hopper (d Amoeba. 
ion is brought about by: 


Alkaline solution 


+ 4 


LESS 


re 


E PU i “aled answers of the following questions: N “ie 
za heterotrophic nutrition? How does it differ from autotrop 
f n? Give various types of heterotrophs acc to their mode 
Of nutrition with examples. 


i) Describe th 
e human x. 
diagram. digestive sytem by Bi help of a labelled 


(ii) ^ Write down the disorders of human 1^ 


(iv) Describe the nutrition in paras d planaria. 


(v) What is digestion? What are“ Gts types? Describe the process of 
. digestion in man. N 


__ Write short answers of the following questions: 
m Why N, is inclu n mineral nutrient, although it is not mineral? 
1 (ii) Write cas enone of N, deficiency. 
(iii) ^ Why carnivores plants use insects as food? 
(iv) Whats meant by intracellular and extracellular digestion? 


(v) ydra has both types of digestion? 
(wi) e the dental formula of human being. 


we Wi er 


iit i? 
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No work can be done with out energy. Likewise this universal truth, the body oe 
organisms can not perform various activities without energy. The process í 
respiration resolves the mystery of releasing energy contained within chemical boots 


of some bio-molecules. 
308 


Car 
be given out of org M ene is released as by-product. Carbon dioxide must 
D gaseous exc armful if remained in cell. Thus, living organisms 


with their environment. hange (take in oxygen and give out carbon dioxide) 


In addition to th SN 
e \ 
gaseous exchange for the process of respiration, autotrophs like plants perform 


obtain carbon process of photosynthesis. During this process, plants 
B ossion. w E and release oxygen into their Mime eer in the following 
: consider the exchange of respiratory gases, only. 


The gas exchange in o i 
rganisms takes place-by the process of diffusion. 
Efficient gas exchange depends upon following factors: 


(i) Maintenance of diffusion gradient, 
(ii) Large surface area in relation’ to the volume of organism, and 


(iii) Presence of moist membrane or respiratory surface for 
exchange of gases. 


RESPIRATORY MEDIA 

The source of oxyger called respiratory media for aquatic and terrestrial 
organisms are water and air, respectively. Aquatic organisms obtain oxygen dissolved 
in water while terrestrial organisms obtain it from the atmospheric air. The latter is 
the main source of oxygen on earth, which contains about 2196 oxygen. On the 
contrary. same volime of water when fully saturated with oxygen contains about 
cover, water is denser than air. Thus it is more difficult for aquatic 


96 oxygen. More | 
organisms particularly animals to obtain oxygen. 
13.2 GASEOUS EXCHANGE IN PLANTS 
x All Eros exchange gases for respiration as well as photosynthesis. The 


ation occurs constantly day and night in all living cells of plants. 
E of hotosynthesis occurs during daytime, and in chlorophyll containing cells 


1unicellular organisms and lower plants especially the aquatic 
e by diffusion across à moist cell membrane and wet body surface, 
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Stoma fully open. 
(guard cells turd) 
Ww 


Chloroplast | | 1 
Guard cells Thin outer walii 


L Cross section of above Cross section of above 


| 
] . Guard cells Thic inner wall 


! i f 
fe Lu | Fig.13.1 Structure of stomata and opening and closing of stomata 


- — In woody stems, epidermis is replaced by impervious layer of closely Pê 

cork cells that hamper the diffusion of gases AR But the rubea is overco 

e numerous lenticels which are localized regions of loosely arranged € "us 
inte cellula air spaces between them (Fig. 13.2). Through lenticels, respirat 
| move freely in and out of stem. Gas anchangs sino ood TE by c 
h T cid cells and root hair in presence of moisture in the S 


Lenticel 


)OP ~ 
E. < \Cdilenchyma 
>” of the cortex 


Cork celis 


Transverse section of elder stem 


A lenticel and suftéunding structures 


Fig.13. i 
g.13.2 Gaseous exchange in elderberry{Sambucus nigra) 


E living cells of different organs like stem, root, etc. constantly 
respire. y e is no transport system witbin plants for respiratory gases. Such 
are therefore, transported by diffusion only. In order to facilitate the process 
of diffusion of gases, plant tissues are pérmeated by air spaces. 


13.2.1 Photorespiration: 
It is a metabolic process that occurs commonly in plants like wheat, 


rice, sugar cane, etc. Such, plants are termed biochemically, as C, plants. It 
occurs during hot and dry days. In this process, C, plants consume oxygen 
and produce carbon dioxide during daytime, in chloropalst without production 


of energy, so it is termed as photorespiration. 
ata are closed to conserve water. But due to 


proce tosynthesis, the concentration of oxygen increases than 
gen sone pr Se ape hem e the leaves. Under such condition, oxygen 
the n of carbon dioxide insid 
E | ine with an enzyme called Ribulose 
| Rubisco. Normally, during 
biphosphate carboxy in catalyzing the fixation of carbon dioxide with 
unstable hexose sugar. But now RuBP 
bon dioxide and breaks into one molecule of 
combines with oxygen rather than Ca¥ ^. ^ of Phosphoglycolate. The latter rapidly 
. Phosphe Acid (PGA) ~ one molec torespiration can be 
aks down to release Car 
nmarized by the following equation. 
B o Rubisco, pga + Phosphoglycolate 
RuBP " | 


days, stom 


we xidation process similar to respirati 
carbon dioxide is released. But unlike res 
» from the energy point of view, it is a useless 

ces photosynthetic output, which is ultimately r 


living organisms, animals also exchange gases with the 
ES. respiration. They take in oxygen and give out A às 
thre ugh their moist, respiratory surfaces. Respiratory ses do 
t respiratory surfaces by diffusion. The concentration gradie 
across the respiratory surface as oxygen is consul d and carbon di 
rated constantly. Thus, there is greater concentration of oxygen ang 
} tration of carbon dioxide, outside the respiratory surface than inside. 
atory gases are passed across the respiratory surface by dissolving in. 
Moreover, respiratory surfaces must be large enough in relation to the volume 


iat animal for efficient gas exchange. 


3. 1 Properties of respiratory surfaces: s 


7 "Respiratory surface of animals bear following properties: (i) Permeable, (ii) 
SL rfa ce area in relation to volume; (iii) wet, and (iv) thin. 


Respiratory surface in animals depends upon the structure, habitat and 
y of animal. In order to maintain greater surface to volume ratio for efficient 
change, animals have evolved different adaptations in their respiratory 
| . In unicellular organisms, gas exchange occurs over the entire surface 
ea (plasma membrane], — 


| EN 
3.9.2 Respiratory organs of aquatic and terrestrial animals: 


pira organs of Hydra: 

isa multicellular animal with tissue 
ization but has no organs. It has a 
area in relation to its volume. Being 
t has two layers of cells in its body. 
ells are in direct contact with 
al exchange gases with 
mal cells with water 
lar cavity (Fig. 13.3). 


Ls E 
p h 
UC E 


i Return of blood to 


dorsal vessel shown SU 


; on this side 


V 
| ZX 
—- Dorsal blood vessel GN 
; i Mucus Gapillary loops ©, CO, 
Epidermis f b uv à Goblet cell 
Muscular Cüllcla —< i) 
body wall Evida mt 
piderma 
But call 


J x 
. Fluid-filled 


E body cavity Capillaries 
aw == Ventral in circular 
blood muscular layer 
vessel : 

L.S of skin of earthworm showing gaseous exchange 


— n! 


-— 


— Cross section of earthworm 
j Š 
d Fig.13.4 Respiratory organ of earth worm 


re organs of cockroach: 


f invaginated 

insects) has evolved a special type o 
x4 aaa system. It is specially adapted for intake of 
she high metabolic rate and the compact body of an 


Respirat 
oach (as we 


respiratory system. calle 
a, terrestrial mode of life, 
| E - —^ bes called tracheae, 
| D pli Co n minute, slit-like pores known as 
= The tracheal - tside the body a gomit the body into fine pepe 
andth of the cockroach; two (2) lie in 
segments. Spiracles are 
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h operaied by special muscles. "Wer 
CI Dep en ee 


muscle: 


FI id moves into the tracheoles, 
u 
the tracheoles dissolves in the lud 


Tracheole 


fluid 


fibres 


Contracting muscle: 
SMS Fluid is drawn into the lissue, 
y 4 % delivers dissolved oxygen, air 

vey is drawn deep into the 
muscle tissue, 


Spiracle as thickening 


p^" Tracheae 
Ventral tracheae 


Fig.13.5 Tracheal system of cockroach 


The cockroach takes if air directly from the atmosphere into the tracheae 
throu igh spiracles. Since oxygen diffuses directly into the cells of the tissues at the 
level of fluid filled tragheoles hence their blood vascular system is devoid of 
haemoglobin. However, t the removal of carbon dioxide from the cells of the body is 


argely E. plasma of the blood, which takes up carbon dioxide for its 


ough the body surface via the cuticle. 


_ Respiratory system of fish: 
La BP tory organs in fish are called gills (Fig.13.6). They are formed as 
growth of pharynx and lie internally within the body so that they are pro 
iechanical injuries. Each gill is a highly vascularized structure. It is co 

of hundreds of filaments, which are arranged in V-shape and are — 
' a cartilage or a long curved bone, the gill bar or gill arch. 
rm numerous plate-like lamellae which greatly increase he “a 
gill. Each lamella is provided by a dense network of blood 
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V , 

Water is moves Il: i 
flow Over the gills in TM 
yang it 


Operculum —— Opercular valve closed 
Opercular cavity ! 

Inspiration 

Mouth open 


Expiration 


Bucco-pharynx’ Waterflows — o 


: ular 
over the gills valve open 


Water flow 
" running in 
opposite 
| t direction to 
blood flow in 
T gill lamellae 
E Fig.13.6 Respiratory system of fish 


In bony fishes ventilation is brought about by the combined effect of mouth 
and opercula (sing. Operculum)--Water is drawn into mouth. It passes over the 
gills through pharynx and ultimately exits at the back of opercula. Since 

> concentration of oxygen in Water is low and also water is denser than air, fish must 

Zuse considerable energy to ventilate its gills. Gas exchange is also facilitated in gills 

due to counter current flow of water and blood. In the capillaries of each lamella, 

— blood flows in direction opposite to the movement of water across the gills. Thus 


is j ring 

i d blood is brought close to the water that is just ente 
(0 onera quis cp n higher oxygen content than the blood. As the water 
j en to the blood, it encounters 


larval stages respire 
rgans adapted for 


al vertebrates, frog has evolved 


Nostrils open briefly glottis 
opens. 
Air expelled from lungs by 


their elastic recoil and 
abdominal pressure. 


Air forced from 
bucco-pharyngeal 


into lungs. 


Old air retained under 
piss in tung. Fig.13.7 ^Gaseous exchange in frog 
Like all other amphibians, in frog, ventilation is a single, two-way path. Frog 
ses positive pressure (i.e. it pushes the air into the lungs) to move air in and out 
ngs. The frog draws air into the buccal cavity by lowering its buccopharyngeal 
r. During this pro , it opens the nares and closes the glottis. Then with the 
ils closed and glottis opened, it raises the buccopharyngeal floor, thus pushing 
into the Jungs. This type of ventilation does not allow the lungs to be 
letel ptied or refilled by air, hence termed as incomplete ventilation. 
forced into the lungs mixes with the air already in lungs and depleted 
1 The exchange of gases on land through lungs is termed as pulmonary 
on. However, when frog goes into water or buries itself in mud, it 
dses by its moist and highly vascularized, thin skin. This is know 7 
respiration. Moreover, it can also exchange gases through its 
zed lining of the buccal cavity. It is called bucco-pharyn: jean’ 


d 


g 


"ab se 
i2 t on. In addition epi. S are 
on vascular air sacs ( p 


l 
Trachea 


Air sacs 


Lungs 


Fig.13.8 Gaseous exchange in bird 


RESPIRATORY SYSTEM OF MAN 
The respiratory ;system of 


: | 
man consists of paired lungs and Nasal cavity "ESO 
Paired lungs Epigottis 
the air passageways. Faire aa : 
of man are situated in the thoracic "4" MN 


cavity. The walls of thoracic cavity Trachea 
are formed of inter-costal muscles. 
which are attached with a bony 


ibs, EEG CORNER \ | intercostal 

cage formed by 12 pairs M n Bronchus AES fe ha eam 
vertebral column. and € ez KR PW : x 
bone. The thoracic cav y membranes ` 44 v. ji ries 


bdomen by a Pleural cavity 


separated from the a 

muscular partition called core d "n 
of man 

- diaphragm (Fig. 13.9). pig.13-9 Respiratory system 


g 


the air drawn in becomes warm, mo | 
croorganisms. It also contains sensory cells for « 
the internal nostrils into the pharynx. It is a c 1 
well as air. The openings of nostrils into pharynx are guarded 


leads air into larynx through an opening called glottis. Glottis is 
p of tissue called epiglottis. During swallowin alate and 
e the nostril opening and glottis, respectively so the 00d is preven 
ato the nasal cavity or glottis. Larynx or sound box Is a small chamber. 
‘a pair of vocal cords for producing sound. Larynx leads the air into a 
r duct or trachea that lies in thoracic cavity [ttbears C-shaped cartilage 
hii h prevent it from collapsing during drawing air in. Its internal lining js 
and bears mucus secreting goblet cells. Dué-to mucus and upward beating 
y residues of dust and germs are always pushed outside the trachea into 
sophagus through pharynx. At its lower end, trachea bifurcates into two 
ler branches called bronchi. Each bronchus leads the air into lung of its side. 
onchi are also supported by C-shapéd-cartilage rings in their walls upto the 
-where they enter into lungs. 


| the air passage way described above is normal way, but sometimes air can 
be drawn in through mouth also.” 


.2 Lungs: E 

Lungs are pap soft, spongy, and highly vascularized structures. The 
lung is partitioned into three lobes while the left lung into two lobes. The _ 
eee mos €chest cavity. Each lung is enclosed by two, thin membranes 
as p membranes. Within the pleural membranes, there is a fluid: 
EN cavity called pleural cavity. This fluid acts as a lubricant. "m. 


de each lung, each bronchus progressively divides into very fine branches .— 
Each bronchiole terminates at a tiny, hollow sac-like alveolar 
itaining a number of air sacs or alveoli. The alveoli are 
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Alveolus cnn 
Key) (f 


Cartilages Wall of alveolus 


Fig.13.10 (a) Bronchus, bronchioles, air sacs (b) An alveolus and associated capillaries 
13.5 BREATHING IN MAN 


13.5.1 Mechanism of breathing: ; ? 
Breathing is the process of taking in (inspiration/inhalation) and giving 
al 


out of air (expiration/exh a i 
and vice versa. In man including other ™ 


pressure breathing. In U™ 
(decrease in 


pressure) (Fig. 13-1 1). process of taking in of air is energy 
he. ; tion or the to contraction 
. Inspiration Inhalation): Ine f thoracic cavity Horde = on Wi 
E a whic no 
5 Ee process i an diaphrag™ on and upward while contraction : he 
"A finter-costal musc f outward ng avity enlarges 
Moves the ribs aS well as sequence i cavity and ultimately in the yogs 
e thoract es into the 1ung3 up to alveo 


asm makes it flat. ^^ Am th 
rush 
developer ato passage 


s drawn into the lungs due to 


thing, air i 
in thoracic cavity in relation to atmospheric 


— cui 


ge Wl. at E" "4 ic 


Vertebral column 


E 
SS 


Fig.13.13\ Mechanism of breathing in man 


ation. It is sive process, which takes place due to increased pressure 
sic cavity a well as lungs. It is caused by relaxation of external inter-costal 
ntraction of internal inter-costal muscles, which move ribs as 
ward and downward. Similarly, diaphragm also relaxes WHAT 
dome shaped thus reducing the volume of the thoracic cavity. Asa 

ce, lungs are compressed so the air along with water vapors 1s exhaled 


‘ion (Exhalation}: Expiration or the process of giving out of air is just reverse 


ur will. This is termed as voluntary contr 
olled automatically. This is termed as i 
natic control is maintained by 


plood are the basic stimuli to increase 
e rate of breathing. Their 
entrations are monitored by chemo- 
eptors known as aortic and carotid 
situated in aorta and carotid 
arteries respectively. Any change in the 
concentrations of carbon dioxide and H* 
are detected by medulla oblongata (a 
part of brain). Moreover, medulla 
oblongata is itself sensory to changes in 
the concentrations of carbon dioxide and 
H* present in the cerebro-spinal fluid. 
Inresponse to increased concentrations 
of carbon di oxide and H+, it sends 
impulses to inter-costal muscles and 
diaphram to increase breathing rate. 


— — 


13.5.3 Disorders of respiratory 
tract: 

i) Lung cancer: It is usually a 

consequence of smoking eitheractively 


or passively. As the smoke passes 


through the respiratory passage, its toxic 
contents like nicotine. SO,, etc, cause 
gradual loss of cilia of epithelial cells of 


the respiratory passage 90 that dust B 
germs are settled inside the lungs. La er, 
cells with abnormal nuclei appear mn the 


tart 
thickened epithelial lining, which $ 


rmal 
without following no 
dividing rapidly y, these cells with 


cell cycle. Finall E 
abnormal nuclei bre doa ia 


d pe 
epithelial lining an 
other tissues causing cancer. 


E 


Chemore- 
ceptors 
sensitive to 
e.g. CO, 


Vagus nerve — 


Stretch 
receptors 


Phernic 
nerve to 
diaohraom 
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Higher centres 
in forebrain 


XE Ventilation centre MES 
in 
hindbrain 


Nerves to 
intercostal 
muscles 


Fig.13.12 Involuntary control of 


breathing 
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ezenerative disease in which alveoli gradusi” 
t 5 dc substance such as nitrogen oxides, 
inhaled. Due to such toxic substances, the e 

= H ence, alveoli are ruptured and lungs pe 
the body including brain are supplied less ang | 
's breathing becomes labored day by day. It also m 


ble and sluggish. 


tis another respiratory tract disorder in which there are re, 
DI E ness, Be cterietically accompanied by wheezing 

Jout. It may be caused by external factors like pollens, dust, ani 
cold, cough, smoke, etc. In many cases, there is no apparent ; 
is a major factor in the development of asthma. Severe Se of ast anne 
k can be fatal. A 


Tuberculosis: It is an infectious disease of the Jungs. It is caused bya 
rium called Mycobacterium tuberculosis. Commonly known as T.B., was onn 
jor killer disease of human. Main symptoms are coughing (sometimes with 
od in sputum), pain in chest, shortness of breath, fever, sweating at night, weight 

poor appetite. It can cause complication leading to death. Infection js 
ed from person to person in air-borne droplets produced by coughing or 


sneezZzir 


i IKE: TRANSPORT OF GASES IN MAN 
-6.1 Oxygen and carbon dioxide carrying capacities of blood and 
_ factors affecting these capacities: 
1 Oxygen and carbor dioxide are exchanged in alveoli of lungs by the simple — 
ess of diffusion. Blood returning into lungs from all parts of the body is dep eted 
xygen. This deoxygenated blood is dark maroon in color and appears bluish 
ugh the skin. The air inhaled into lungs has greater concentration of € : 


e to the difference in coricentration across the respiratory surfaces, OXyB^* 
| flowing into capillaries around alveoli. Now the blood bec mud i 


Fr 


ood returning from tissues contains carbon dioxide, which is a res irato 
Due to its higher concentration, carbon dioxide diffuses from se 
od which is brought in the lungs. In lungs, due to greater concen 


dam me in blood, it moves out into alveoli where its conce atra 


meet their demand of oxygen. Mi T 
ence of any competitor such as carbon r 
DU OS rr 


* > ie 


| zs A Wa oF sce] hslen [!rrpT2n 
nes Pacities: 


me tal 
.. (5000 cm?) of air SM 


a . Durin pa ty of adult human being is bout 
= approximately half of a irene brea AE D NER 


.— ean bind to oxygen more 


thing a person takes in and 
litre (450 cm? to 900 cm?). This is called tidal petits 


termed as residual 
vol 
collapse completely, ume. It remains in there due to the fact thatthorax cannot 


-it at each time t stagnant since inspired air mixes with 
expense of vital x iden i iene etc. can increase the residual volume at the 


13. 6.3 Role of haemoglobin and myoglobin: 


i) Haemoglobin, an iron containing protein is a respiratory pigment 
present in the red blood corpuscles of vertebrates. Each haemoglobin 
molecule has 4 iron containing groups.called heme. It is the iron, which 
reversibly binds with oxygen. Nearly, all-oxygen carried by blood is bound 
to Hb. Thus due to Hb, blood could cárry 70 times more oxygen than plasma. 
So it plays an important role in maintaining a high concentration gradient 
of oxygen from air to blood. Hb.binds to oxygen to form a loose compound 
called oxyhaemoglobin. It.is/carried to the tissues where due to low 
concentration of oxygen in-tíssues, oxyhaemoglobin dissociates releasing 
oxygen, which enters in tissues. The whole process can be represented by 


the following equation. 


glob i lecules. Since there are about 
h haemoglobin molecule binds up to 4 oxygen moleci | 
250 million’ Hb molecules in each R.B.C. so each R.B.C. is capable of carrying more 


thana billi n molecules of oxygen. 
EN J 


Lungs 
Hb + 40, ———_ Hb(0j4, 
Haemoglobin Tissues Oxyhaemoglobin 


smaller protein than haemoglobin, found in the muscles 
Myoglobin, ; tightly than haemoglobin. It gives red colour to muscles. 


! 
involved in the partial (35%) transport of carbon dioxide 
“taped capillaries in alveoli. Carbon dioxide due to its higher 


xide is transported by the wa asma 
1 by the following equations. 


Water of plasma transports 05% carbon dioxide 
ERO —— HCO, \ 

HCO&Nt Ht 
T HCO, + Na =—— NaHCO, 


reactions are facilitated “by an enzyme called carbonic ar hyd 
> RBCs. | 


KEY POINTS 


`nerg ris requiréd by living organisms to do different activities. 
Je. ar ge plays key role in release of energy from food. 


hange depends upon maintenance of concentration gradiet 
e to volume ratio. 


us exchange and cellular respiration contribute to oxidation of 


t 


dium for exchange of gases than water. | 
ange occurs in all plants for respiration as well as photos 


5 odis iroug Lata lungs ruo Edd Peeing 
ws Positive pressure breathing. 
P E ES "S «ha internally divided into numerous parabronchi. 
£s. birds have air sacs that work as bellows. 
In man, breathing i is termed as negative pressure brea JS 
: Smoking is the major cause of lung cancer. NN 
Dust, pollens, smoke, etc may contribute in the deyélopment of asthma. 
Blood takes in oxygen much more rapidly — po 


In vertebrates, haemoglobin is involved in n pip iranspor of nearly all oxygen 
and some carbon dioxide. 


-* Muscle fibers have a respiratory pigment or myoglobin. 
@ Myoglobin gives red color to muscles. 


A ». 


ss EXERCISE. 


b» 
Encircle the correct choice: 


(i) —R— cells have chloroplast. 
oblet cells b)  RB-C. 


G 
Mo Guard cells (d None of these 
ap have the most efficient respiratory system. 
(a) Fish (D Amphibia 
(d Mammals 


times more oxygen than plasma. 


Ls vs s 


are 


(b). Oxygen and CC 
(d CO and oxgyen 


ag has complete ventelation? 


Frog E (D Bird 
an (d ^ Allofthese j 
veragt lung capacity of human is: T K 
aj 2 Litres (b) 3 Litres R 2 
L | 4 Litres (d | 5Litres «M 
" | 


- Each haemoglobin molecule carries oxygen molecule: 
@ 2 b) XC 
| P 4- (d) S 


E" of bird R 
(b) Parabronchi 


l pe Both — B (d None of the these 
| S following transports more CO ? 


c P". Wo (b) Sodium cn 
(o Potassium ion (d ^ None of these 


a 


ile d answers of the following questions: e 


account on exchange of gases in plants. 


VI 


i 


7 ix wer "of 


> shor "a ga 
— What E 


at are the thats wie: Pathe de 
were 


respiratory medium í 
| (Qu) What do you € 


mn 


NU 


(v) 


ius neke | entender cane ie os 


Differentiate between positive pressure 
pressure breathing. 


SS 


What are lung capacities? s « v 


Distinguish between inspiration ma in 
what is the role of air sacs in b 


Ca 7 n iuret E. n 


F) 
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or is 4 
It must 


i} must 
€ 


———————S—SX—sX—X__ Oe 2 
Every living cell, whether it exists alone as a single-celled organism 
component ofa multicellular one, must perform its own metabolic activities. 


every Ce 
viously: som 
tized SYST it 
through? 


synthesize its own ATP by cellular respiration. It follows, then, that 
obtain the necessary raw materials to support its metabolism. Ob 
mechanism is needed for transporting substances between the specia 
of procurement, synthesis or elimination and the individual living cells 
the body. 
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IDCAT BY FUTURE DOCTORS. 


“su Support 
— an „it 
xide and in animals nitrogenous oe of metaboli c must 


du mp wastes. 
In unicellular or 


OI er in dir : : j 
distance from it. But i ect contact with the environment or only a short 


organisms, the more internal cells ar : plex multicellular 
gen lil environment € far from the body surface and from the 


exchange and waste 


ganisms and some of the Ue een o ETE AE 


ie TRANSPORT IN PLANTS 


Materials to be transported in plants: 
Plants are in contact withrbóth soil and atmosphere. Various materials from 
atmosphere and soil are trafasported in and out of plant body. At the same time 
certain materials are transported through out the plant. 


: ; i) Water, gases and solutes move 
rt in plants occurs on three levels; i) 
E. Cossus ack membrane, ii) loading of food from photosynthetic cells into 

2o o hórt distance transpor t; iii) conduction of water with — 
‘ o E along the whole plant through xylem and phloem, respectively 


. (long distance transport). 

4 N AND RANSPORT OF WATER AND MINERALS 

ES UPTAKE y f water and minerals for plants. They are taken up by 
q Soil is the source p these minerals. These are 


take of 

are involved in up ; 

ES. Various, Pos diffusion. osmosis, imbibition and active transport 
diffusion, tac 


d in the uptake: 


f 


(14.3 1 Processes involve 

7 Diffusion: O,) are dropped in a 
wa ured soluble salt like (KMn 

If a few crystals or i tals dissolve and permagnate ions move in all 

ker containi ter, crys 


r 


E 
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t of 
lower 


m after some time. 


The rate of diffusion depends upon size and nature of molecule, small 
— molecules move faster than large ones and vice versa. The rate of diffusion is high 

at high temperature. The other factor which affects rate of diffusion is concentration 
. gradient. It is the difference in concentration of ions or molecule een two 
_ fegions. Greater the difference in concentration and shorter the distànce between 
+ . two regions greater will be the rate of diffusion. When ions or molecules are evenly 
distributed through out the system, an equilibrium is established. Even after 
equilibrium there is movement but then equal number of ions or molecules move 
_ from, one point to other. 


d 'd n 
Bir 
e N 


- IN 
1 


In principle, all solutes diffuse in solvent, but through a cell membrane 
which is living and differentially permeable, certaíri molecules move freely while the 
passage ofothers is resisted. Small, non-polarmolecules such as gases like CO, and 
0, and fats soluble molecules move freely across the cell membrane. Their movement 
will continue till the concentration on either sides equalizes. 


ii) Facilitated diffusion: 

Charged particles and large molecules such as glucose do not pass through 
cell membrane. Certain intrinsic proteins that reach from one side of membrane to 
other help them to cross the barrier. These proteins are membrane transport 
proteins such as channel proteins and carrier proteins. The shape of channel 
protein molecule is such that it forms a water filled pore in the membrane. These 


SIMPLE DIFFUSION KV FACILITATED DIFFUSION ACTIVE TRANSPORT 
ex S 
J S 
o. s 
S ——| ——S—-|—-S 8 => a 7 Tr o 7 
i | i itas sp^* € a So 
E | M i (B) (C) 
: (A) In simple diffusion the (B) In facilitated diffusion a (C) In active transport a. 
racte, S, is transported permease, P, transports the permeaseis involved, and energy 
the membrane without ^ — substratethroughthemembrane, must be expended to drive the 
ase but no energy is expended. process. : 


__MDCAT BY FUTURE DOCTORS (T! 
s > © passa ra 


: On of water 12 
aregion of its higher c tes molecules across th lasma membrane from _ 
E sroved by ane eH on to a region of its chem: | 
_be pro xperiment. oncentration \This can 


Consider a U shaped t i " 

" game quantity of NIE d. br with side A filled with pure atér and side B with 

EC Olution (sugar dissolved in I) separated by a 

LA membrane permeable to water and impermeable to sugar. Since membrane is 

[S “permeable to water molecules, it can move from side "A*40 "B" and from ^B" to “A”. 
"At side “A” there are only water molecules whereas at side "B" the presence of 
Zsucrose molecules means concentra 


tion of water molecules is less than at side "A". 
Thus in unit time more water molecules will diffase from side “A” to "B" than from 


"B" to “A”. In other words there is net movement of water molecules from “A” to *B". 
‘As a result, level of sugar solution will begiri to rise and that of water will begin to 


$ 


at the base 
membrane. The membrane k 
E ivided b a semipermeable Me ot to sugar molecules (blac 
- Fig.14.2 Utubed E P permeable to water. 
UM of the U tube 


k i S 
balls). ter; side B contains à ug 


is the same. 
Left: side tity of fluid in two sides IS pin 
Center: A larger re on side A than 9^7 

" ve more water MOCHA side B rises 
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ald | From region of higher concent a 
o h a semipermeable membrane is known 2 
abradibs fn strict sense are not semipermeable because they _ 
npermeable to solutes. They allow nmn à of solutes as m S 
not at the same rate. All that is necessary for osmosis to oce 

lve nt molecules diffuse rapidly than the solute molecules. m 


Active transport: 
Certain molecules or ions move across the cell membrane against the 
nt 'ation gradient i.e. from lower concentration to higher concentration with 
]p of specific transport proteins embedded in cell membrane. The transport 
place at the expense of cell's metabolic energy-ATP and is called active 
transport. The cells or tissues carrying out active transport are char, rized by 
P X senceof numerous mitochondria, high rate of respiration and hightoncentration 


E) 


_ — — Tn plants, phloem loading is an active translocation,process. In source cell 
‘of leaves the sucrose concentration of the sieve elements and companions cells 
is much greater than that of mesophyll cells. It means that the sucrose is 

transported against its chemical potential gradient, which requires metabolic 


Active transport is of utmost importance because it enables the cell to 
T take up nutrients from outside and wastes to be expelled against the concentration 
_ gradient as shown in figure 14.1. 


v)  Imbibition: 

1 — Adsorption of water and swelling up of hydrophilic (water loving) substances 
is known as imbibition. Substances such as starch, gum, protoplasm, cellulose 
and proteins have great affinity for water and are called hydrophilic. Living and 
dead plant cells are hydrophilic colloids as they possess large amount of 


carbohydrates and > they have very strong affinity for water. Seeds which 


have very low water potential swell up when placed in water. Wrapping up of wooden 
framework d y season is another example of imbibition. 


(14.3.2 Watei status in plants: 
— ç Wateris important in the life of plants because it makes up the matrix and ° 
medium in which biochemical processes essential for life occur. In most land 
water is continually lost to the atmosphere and is taken from the soil. The 
ent of water may occur by diffusion, osmosis, bulk flow or some 1 
ation of these fundamental transport mechanisms. Diffusion moves 
from region of high water concentration (low solute concentration) to 
W water concentration (high solute concentration). It occurs because 
‘in constant thermal agitation. Bulk flow occurs in response to à 
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sure difference Wh. 
fmm » Whe 

E E 2 ewe is the Tr ere is a sui 
eable membrane, It g Ss 

atial, osmotic pote pend Upon , : 

* ross the Membrane - Of two se = © chemical pote TOSS differenti 
E. derstand these e wall of ihe oat lution nt oe water or 
tU explain th S. There Ssure 


D d | 
i) Water potentia]: 
The chemical potenti 
ntial of w. 
ted ater is 
associated with the water. Thermo < quantitative expression of 


rey of water in any other system (e.g. 
in pressure unit such p of Mens) Now, the free energy of water is expressed 
uch as megapascals and.symbolised by Greek letter y psi [MPa; 

IMPa-9.87 atmosphere]. d v psi 


Pure water has been assigned the value of water potential 0 MPa. Addition of 
solute particles lowers the mole fraction (number of mole of substance divided by 
total number of all substances in the system/solution) of water. Hence, there is a 
decrease in water potential; Therefore, values of water potential remains less than 
Zero or in negative value. 


otic Préssure: "m Net 
4 = essure exerted upona solution to keep it in equilibrium with pure water 


otic 
mipermeable membrane is known as osm 
ee ne sepas ed eee ofa solution isa measure of the tendency 


e osmotic pres t the osmotic 
00 Co ea into it. In other words we can idit desinis 
of water tà:nove by OS™” ^^ ct be exerted on a solution odi m n 
pressure is the pressure tha lution are separated by a erentially 


tand so 
ofsolvent molecule into when p Ba the p 
* permeable membrane. Thus, it prev 


, M) Osmotic patent 
^ Osmotic poten rent concentratio 
_ When the solutions of two ad is assign 


LE 


Permeable membrane: otic potential 
"highest value. Since the 097 cles per 
Whe no: of osmotically aC Under constan 


, all solutions have | 


unit volume) per! pressure, water moves: 


Eo 


E Nm. NEM 
ther term used in relation to water potential is pressure potential 
.d as the hydrostatic pressure in excess of atmosphere pressure. 


3 Water relations of Plant Cell: 


practical purposes a plant cell can be divided into three parts: (i) Cell 
non-living, permeable, outer most boundary of cell made up of 
i) Cytoplasm alongwith nucleus forms protoplasm—the living material 
by cell membrane. (iii) In the centre, there is a vacuole enclosed by 
ast. central vacuole is filled with cell sap—an aqeous solution’ of salts 
c acids and sugar. ON 
rane of the central vacuole is the another important site of 
embrane. Transport proteins ernbedded in the 
utes between the cytosolandthe vacuole e.g. 


Tonoplast, the memb 
. lation in plant cell after plasma-m 
- | tonoplast control the movement of so! 
| it has proton pumps that expel H* from the cytoplasm into vacuole. 


The presence of solute particles lowers the water potential y of cell sap. 
ter the number of solute particles, the «more negative will be the water 
atia "of cell sap. The concentration of solute particles in a solution is known 
plute potential y.. (This has been previously referred as osmotic potential). 
ie value of solute potential is always negative. 


When a cell is placed in püre^water or in an aqueous solution with higher 
water potential (less negative) than the cell sap, water flows into the vacuole by 
nosis through plasma membrane and tonoplast. As more water flows into the 
wole, the tension developed by cell wall causes an internal hydrostatic 
"pressure to develop. This is called pressure potential y. and it opposes the 
coi tint ed uptake p into the cell by osmosis. When the cell wall is fully 

'etched and ure potential reaches at its maximum, the cell cannot take 
' more and is said to be fully turgid. The relationship between water 
tial y, solute potential y, and pressure potential y, is represented by 
ng equation. ^ 


m Vs vi Vo 


p E | Plasm — 
tong a paaa oa 
E first vinei, Potential than aton which has more ne 
osis. A be cell ^5 more nega 
sally, the cytoplasm begins ler decrease in ea it will lose - 


» e 
i 


ane ell wall leaving ie 
1 as plasmolysis. The mw A withdrawal of protop 
yall is called incipient plasmolysis + cytoplasm just 
cell wall, full plasmolysis is 


: When proto ^ letely separates 
plasm comp 
achieved, In a plasmolysed cell V. is zero 
p 


- Whena plasmolysed cellis and y, 2 yy 


; 14.4 WATER AND MINERALS UPTAKE BY adir 
- Absorption of water and mineral salts takes place through root system. 
R pts are provided by enormous number of tiny root hairs which are outgrowths 

l of epidermal cells and found at the root tips, The root hairs greatly increase the 


‘surface area of root. Because of large root Surface area plants absorb enough 
quantities of water and inorganic ions.for their survival and growth. 


» à 


Root hairs possess sticky walls and adhere tightly to soil particles which are 
usually coated with water and dissolved minerals salts. Most of the absorption takes 


. place near the root tip where epidermis is permeable to water and root hairs. From 

Toothairs and epidermal cells water flows through cortex endodermis, pericycle and 

"enters xylem. Since transport of water takes place in radial directionit is also termed 
aslateral transport. 


ter to enter xylem. The first route is from 
Three pathways are available for wa z pear 
| ee s the root hair or epidermal cell down a gra 
P cell to cell. Water enter 
L 


potential. It flows out of one cell across the cell wall, cell membrane vacuole and 


| - enters the adjacent cell which may again pass the substance along the next cell in 
the pathway. This is known as cellular path way. 


cell walls, 
last. Through the pores in the 
ED The second pathway is xig set th cytoplasm of adjoining cortica) 

cytoplasm of cortical cells remain odesmata 


s. These cytoplasmic connections through pores are known as plasm 


lastic pathway. This 
solutes known as symp 
ort of water and Am 


dj of plasma mem | 
-The third pathway İS spopane ae ese walls are hydrophilic. SoH ecl 


Ld ' 


- che ay . As soli P ag move along extra 


baa 


i are taken up by the cells of cortex th 


Xylem with havy 
secondary walls 


, 
um 


Stele 


Fig. 14.3, Rüthways for water uptake by the root upto xylem. 


. Theinn ting layer of cortex is endodermis which serves as a barrier or 
kpoint be&ause of casparian strip a waxy belt that extends through the walls | 


'r. Endodermal cells actively transport salts to pericycle resulting in 
nee on of salts. This causes a low water potential and water moves into them 
losis. From pericycle water flows into xylem both via symplast and apoP™ 


SENT OF SAP 
sorbed by roots and transpired through leaves. Before transpa” 
| upto leaves. This upward movement of water from ab® 
pto transpiring surfaces (leaves) against the downwé 


` 


i) The mechanism of 
ascent of sap, 


1 Path of movement of 
er and minerals: 
Exp erimentally it has bee 
ved that the path of ascending 
eam of water is xylem. Xylemis 
omplex tissue consisting of two 
es of water conducting cells. 
jese are open ended cells called 
vessels and porous cells called 
trache: ds. 


B (i) Vessels: These are 
thick walled tube like structures 
which extend through several feet 
xylem tissue. They range in 
imeter from 20 um to as much 
70 um (0.7 mm). Their wallsare 
fied and perforated by pits. At 
— the pit lignin is not deposited and 
- cell wall is thin made up of 
“cellulose. The pits match up with 
um s celis so that cell 
cted to adjacent 


e d Fig. 14.4 (a) Structural comparision of 


Stream of water. 


explained. 


ti 
TH 
Vut 
DU 


H 


i 
a 


t X 


tracheids and vessel members 


in xylem transport of water. (b) 
Diagram of a simple pit pair. . 


duat cells about 30 um in diam 


(e ( s 
ateach end and tapered ends of one cell overlay 
xylem vessels they are d 
«mall holes called pits which are of two types; simple, 
ec walls connect upper tracheid with lower one. Throy e 
inerals flow freely from one tracheid to another. In ferns anda o 


eids are the only water conducting ducts. 


L5.2. a of ascent of sap: “` 
3 í Water and dissolved mineral salts present in xylem -— indi 
"Hirectionat the rate of 15 meters per hour. Xylem sap ascends ag doy, n 
pull oi gravity without the help of any mechanical pump. The rise of Sap in xy, 
— "either due to push from below or a pull from above. Sevra] theories have tae 
advanced to explain to ascent of sap in tall trees against theforce of gravity but no 
- — single theory seems to offer a complete explanation due to objections. Among these 
are two theories seem to explain the mechanisim of ascent of sap better, Let us 
examine the contribution of the two possible mechanisms. 

i (i) Root pressure theory. 
= (ii) ^ Adehesion - cohesion theory. 


i) Push from below— Root pressure theory: 
| If the stem of well watered pottéd plant is cut a little above the soil, the cut 
| end exudes water for some time suggesting that there is a force pushing water upto 
i] the stem from roots. This force is known as root pressure. It was discovered by 
Stephen Hales in 1727. According to Hales, this force could be responsible for raising g 
water toa height of 6.4 meters..He also observed that the pressure develops atcertain 
| times of a year. ev "- 


Root pressure, E is active primarily at night, is caused by the continued active 
Copes d i si by the roots of a plant at times when transpiration from leaves 
absent. 


_ ____ Rootpréssure also causes guttation. The exudation of water droplets¢ nbe 
E the tips of grass blades and leaf margins of small herbaceous dicot pla 
Se nenight when rate of transpiration is very low, the root pressure pushes: y 
ip into shoot system. More water enters leaves than is transpired. The € ces 


Ber Bote ced out in the form of liquid (droplets) through openings. cal 


“Upward conduction of water in xylem because itr " ; 
^ E. "E er, man y tall trees do not generate root pr su 
BRE WS post look for an alternative mech al nism 


ad ae degen property of cohesion. 
cules in xylem € ability to resist the pulling force. The cohering water 
i Es vessels form a continuous column. 

Californian 
- | pulis Water Wood trees are over 100 meter tall. Transpiration from their leaves 


th : 
| atmospheric air e trunk. On the other side a village pump can eid on 


to raise water. T ised i 
| about 10 m only. . The maximum column of water that cant ised is 


n ME aospiration pull results from chain of events that starts when leaves begin 
act SG n rA [Ann in the morning. Sunlight raises, emperature of leaves so 
Eier is &ins to evaporate from moist walls of mesophyll cells. The evaporated 
EL immediately replaced from water inside thHcell which is replaced with 
—water from neighbouring cell deeper in the leaf/Ultimately, water is pulled from 
xylem to meet the loss of water. Thus water in xylem is placed under tension which 
is transmitted to root through vessels. This/downward transmission of tension is 
I because of cohesive property of water cdiitmns in vessels and tracheids. Water 
M column moves upward by mass flow düe-to transpiration pull. Adhesion of water 
molecules to hydrophilic walls of-kylem cells, small diameter of vessels and 
tracheids are important factors imover coming the force of gravity. 


t To transport water over à long distance, plants do not use their metabolic 
"energy. Forces like adhesion, cohesion and evaporating effect of sunlight are mainly 
. responsible for upward canduction of water. Thus ascent of sap is solar powered. 


EN: TRANSP ION 

" Plants absorb large quantities of water from soil. Only 1-2% of the absorbed 
water is used otosynthesis, in other metabolic activities and in the maintenance 
= turgor cells. The remainder is lost from leaves and other aerial parts in the 
form of var "This loss of water in vapour form through aerial parts of plant body 


nown as transpiration. 


Tran spiration takes place at three sites. These are stomata, cuticle and 
scordingly, there are three types of transpiration: i) stomatal transpiration 
r transpiration and iii) lenticular transpiration. 


ymatal transpiration: 
ina of leaf there are microscopic pores known as stom.tta (sing: stoma). 
vater in vapour form escapes into outer atmosphere. This loss 


em s of water in vapour 
cuticula transpiration. 


iration: | 
nd in old dicot stems which are formed as a | 


^ - so pores fou 
E Perier quantities ofwater are also given out throughlen a 
awn as lenticular transpiration. Q ticelg, 


Mechanism of transpiration (Stomatal): 3 
j Since greater loss of water in vapour form takes place through s 
“fare we shall discuss here only the mechanism of stomatal transpiration. Two 
s are involved in this type of transpiration. These are: i) evaporation ii) 
ion. Water absorbed by roots is conducted to aerial parts (leaves) through 


Mesophyll cells of leaves are 
d with water through xylem 


| A9 
^ 
[ ¢ 


ed (turgid). Their walls remain œ fool land vacuole —— 
ted with water are in contact 
intercellular spaces, which are 
ected with outer atmosphere 


ape ites from wet surfaces ofiurgid 

hyll cells. The vapours are 
d in the intercellular spaces. In 
step, water vapours diffuse out 
tercellular spaces (where they 
ntration) to outer 
re e vapour, are in lower 
tion) through stomata. 


Pore 


Heavily thickened 
guard cell wall ` 


ure of stomata: 
ta are microscopic 
in the epidermis of 
:eous stems. Each 
two modified i 
guard cells. Fig.14.5 Electron micrograph of 5^ 
e epidermal | from a grass leaf. E 


e Or decrease 


t from the osmotic changes cause water to move in or out 
flaccid her move in, the cells expand (become turgid); if water moves 
'd cells are fla. ; en guard cells are turgid, the stomata are open, when the 

l Ccid, the stomata are closed. To affect this movement of water, an 


excnange must take pla PW. 
B densa cen) place between the guard cells and the surrey esophyll 


IW 


MY 
Ems i E are two main factors which greatly influence the opening ad closing of 
stomata. these are light and concentration of K* ions. 


k Light: Generally, the stomata of a leaf are open‘when exposed to light and 
remain opened under continuous light. When darknéss returns, the stomata are 
— closed. In the presence of light, chlorophyll containing guard cells synthesize sugars 
— which in turn increase the osmotic potential of guard cell. The increase results in 
E. ‘endosmosis and ultimately to turgidity. While.iri dark these guards cells consume 
"carbohydrate or these carbohydrate translated to neighbouring cell which decrease 

the osmotic potential in guard cells. This decrease result in exosmosis which 
— ultimately leads to flaccid state. 


Concentrating of K* ion: Evidences indicate that the turgidity of guard cells 
of many species of plants is regulated by K* ion concentration. 


During day time guard cells actively transport K* ion from neighbouring cells, 
— Accumulation of K* ions lowers the water potential of guard cells, This causesin flow 
1 of water by osmsis from epidermal cells. When they lose K* ions water potential 
increases. Water flóws out of guard cell causing them to become flaccid which result 


- in closure of pore. 


cting transpiration: 
EE. on ^c oe, aem more rapidly when exposed to light than in 
dark. This is because light stimulates the opening of stomata. In bright sunshine 
CA ata are wide open causing rapid diffusion of water vapours from air space of 
o Slayer to outside. Light also speeds up transpiration by warming the leaf. 


E * 
^. ae 


TEE perature: Plants transpire more rapidly at higher temperature 
— z ines in temperature, on one hand increases kinetic energy of water 
i Bic vh ich results in rapid evaporation of water and decreases relative 


1e: 


‘ 


rofound effect on humidity. During } 
“ nes more active because water vapours are 
ad transpiring plants is replaced by fresh, drier air 
" The rate of transpiration is also affected by n 
te of diffusion of any substance is decreased as the 
jstanc gions decreases. The reverse is also 
ter from air spaces of leaf to outside goes on rather slowly w 


“is humid. When the surrounding air is dry, diffusion pro 


AY 


gh ' when the relative humidity may approach 1 00%, there may bend transpirati on; | 
ver, under these circumstances, the negative pressure component of water 
al caused by evaporation, become very small or non-existent. 


Soil Water: A plant cannot continue to traniSpire rapidly ifits moisture 

made up by absorption of fresh supplies of water from the soil. When 
fwater by roots fails to keep up with rate of transpiration, loss of turgor 

wilting of leaf takes place. ^ 


anspiration as necessary evil: | 74 | 
aspiration has its advantageSand thus itis necessary. Onthe otherhand 
e disadvantages and thu$.it is an evil. L 


es of transpiration: 
ormal circums es; the rate of transpiration is directly proportional to 
absorption. It nm rapid transpiration increases the rate of absorption 
on helps the.intake of raw food material from the soil. 
|  universall ccepted that transpiration plays an important role. 1 the 
. Transpiration helps in keeping plants cool and saving them in 
de NS might be injurious to protoplasm. It helps in evaporatingt 
ILe: 


eS of transpiration: r 
excessive transpiration may cause death of a plant. SomeP 
5 (leaves) particularly in autumn in order to reduce 
unfavourable season. In certain plants, leaves at 
ia der to minimize the rate of transpiration. - 


343 — 
ther organic mate, Dlotosynthates. This movement of 
Ocation. T S takes place via the phloem, and is 
: Sport occurs in specialized tissues 


The rie Movement: 
NM on 

tissues, therefore. mupnotosynthates always takes place from source to sink 
movement. This pathway fo m transport is also referred as source-to-sink 


tissues are interconvertible ae developmental changes as some sink and source 


uring the development of the i 
plant e.g. developing and 
ping and mature leaves. i AC. 
A number of ste 
OE ps are 
i^ mesophyll chloroplasts to E 
Sucrose is synthesized 


from the mesophyll ce 


olved in the movement of photosynthates from 
eve elements in the phloem.of'mature leaves. 
ts UA dn of mesophyll cells. This su&rose is translocated 
f € vicinity of the sieve elements in the smallest veins 
E one Uie termed as the short distance transport pathway because 
actively d y a distance of two or three cell diarfieters. The sucrose is then 
= transported into sieve elements in a step’ commonly called phloem 


The pathway of phloem loading may-be either symplastic or apoplastic 
depending upon the species. 


The sucrose in sieve elements iS exported away from source tissues. The 
photoassimilates can be moved along distance hence this is termed as long- 
distance transport. Finally, the photoassimilate or sucrose is unloaded at the sink 
in a process referred to as phloem unloading. 


The driving force fòr this translocation of photosynthates is believed to be 
generated by the processes of phloem loading and unloading. Therefore, this source 
to sink movement-has great agricultural importance, because the productivity of 
a crop could potentially be increased by increasing the accumulation of 
photosynthates in edible sink tissues like cereal grains. 


14.7.2 The mechanism of Phloem Translocation: 


Pressure flow H othesis: 
Phloem Fon aR is mainly explained by a theory called the pressure flow 


posed by Ernest Mijnch in 1930, which states that the flow of 

ein e sieve S leen is driven by a pressure gradient produced due to 
uff ces in osmotic pressure between sources and sinks as expained in the model 

j in figure 14.6 b. This pressure gradient is produced due to phloem loading and 
E ding at the source and sink, respectively. A high osmotic pressure generated 


Ho 


Pressure driven bulk flow Q 


of water and solute : 
H,O RY Sink cell 
ie "an 


— 


Transpiration 
stream 


Active phloem 
unloading 
decreases the 
osmotic pressure, 
water flows out 
and lower turgor 
pressure results. 


4.6 (a) Illustrates pressure flow h is di | 
d | j ypothesis diagrammaticall howing loading 
à of sugar ate source and unloading at sink tissue. H ji 


Pressure 


b 
Solute <i 


s cóntents are physically 
pathway by bulk flow. much like «€ flowing 
v 
0 l = the translocation | Way is therefore driven by the 
— condena er than the water potential gradient. The passive, pressure 
riv ntong distance translocation in the sieve tube ultimately depends on the active 
sho -distance transport mechanism involved in phloem loading and unloading. 
[hese active mechanisms are responsible for setting up the pressure gradient in the 


first place. 
2:28:21 TRANSPORT IN ANIMALS 
| Like plants, animals also have efficient means of transportation which are 
according to their complexity. In unicellular organisms, such as Amoeba and 
?aramecium, food is takeri in by direct and simple mechanism. Oxygen diffuses in 
through the body surface. The digested nutrients and the diffused oxygen are 
fransported within the body by diffusion and cyclosis. The CO, and other metabolic 
astes are also.rérhoved by simple diffusion through body surface. This is possible 
> distances between the external and internal environment and within 
ller and are easily covered by diffusion. 


) "cé use, th 

the internal environmen! are much sma 

Jowever.ini multicellular large sized animals due to increase in size and complexity, 
d for transportation, involving some kind of mass flow. 


PR 


E 


on ne other means are adopte 
4.8.1 Transport without special Circulatory system in Hydra and Planaria: 
HYDRA: animals. Its body is composed of two layers, 
à; inbetween. The gastrovascular 


: .. Hydrais the simplest multiball ue - 


lermand endoderm, with anon-ce of 
elenteron) serves for the eser thecavityis continuous with the water 


sta nce; through out the body. The 


| sloblastic mh lage and complex RUM ARS 
GAP body. Due to which the cells are close to the. 4 
jaseou takes place by direct diffusion across : * 
ce. Hc pave _ the transport of digested food to the body cetl GO 
ng diffusion process with special organization of the intestine. 


. - E: 08: san extensively branched intestine. These branc 
"the cells of the body. The digested food is pumped into the 
| x ction of the digestive tube. So that the nutrients S 
e into them. 
3 2r Saano circulatory system for the transportatic S adeo food and 


+ xch . However, one special transport system, isp resent to dispose off 
ineunt of water along with nitrogenous waste. Yerotonephrieia) 


2 Transport by Special Circulatory System: 

E | "Due to the development of a body cavity (coelom), the distances are increased 

poe pee and internal environments; The coelom separates the body wall 
alorgans and confers the advantage ofindependence of movement of the 

ut. Materials wie to be moved efficiently over long distances within the body by some 

s. So that metabolic processes. may be maintained and toxic materials may be 

pe the body. This generally takes the form of a mass flow system or 


y system. 


J CIRCULATORY S 

purpose ofa m system is to provide rapid mass flow of materials 
ie place of the to the other place, covering sufficient distances which 
ot be easily Cov, by diffusion. On reaching their destination the materials 
pe able to ough the walls of the circulatory system into the organs and 
es. Like terials produced must be able to enter the circulatory system, 


m 
ý 


l characteristics of a circulatory system: 
e characteristics of circulatory system are as follows: 
‘It has a circulatory fluid, the blood. 


ape blood is pumped by a contractile device around the body which 
y be a modified blood vessel or a heart. 


| ; th Had cea through the tubes ich are kowmasblodyvsdé 


a 


Wa Dp 
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j ystem is basically 
the cells, mda uo trans «d 


ported materials tote : 
: ere hanged between th 
ng tissue in each cd different relationship betwee, the blood and the 


body sinuses and bathes the 


are and interstitial fluid, s@the general 
EM aemolymph. The blood i$ pumped by a 
T eries. The arteries open int body sinuses, 
poorly controlled. Since th blo wv heart. Distribution of lod to the tissues 
iiu the body tis € blood flows within the sinuses and comes in direct 
EE Because the B [iis is known<as open type circulatory 
5) paces and théheart is weakly muscular, 
t blood pure can never be very high. This litutts the efficiency of the open 
sys em, that is why it is not found in large animals. In insects, gaseous exchange 
takes place through the tracheal system, só.that the circulatory system is not 
concerned with transportion of gases andlàCks any respiratory pigment. However, 
it does play an important role in distributing food substances and eliminating 
nitrogenous waste. | 


i 
D 
TAK Haemolymph in sinuses 

ni surrounding organs 


Dorsal vessel vw 
(main heart) 


MIN 


á The open type 
circulatory system and 
"the closed type 
c atory system can 
be understood well by 
explaining the 
‘transport system in 
cockroach and 
earthworm, througha 


‘comparative chart. 


149.2Single 
‘circuit plan as in 
i The heartof fish 
is two chaftnbered, 
consist sefan atrium 
ar da ventricle. Blood 
fr 0m the body 
circulation enters the 
at AUI through a thin 
walled sinus venosus 
^ sh opens into à 
nuscular ventricle. 
Jhen the ventricle 


(€ 
ELM 


cts the blood is 


i p 


into the. 
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E. ^" — 


Ti the blood and 
ansporting materials have to cross this barrier 


(c) General circulation-single [sad 
circulation 
EI Spitacle 
-17— Epibranchial artery f 
Efferent branchial artery 
zal Afterent branchial artery 
MT, Ventral aorta | Heart | 


Dorsal aorta 1 


| Head |n 

A 

r3 
ELA 


(a) Arterial circulation 


Atrium 


Sinus venosus 


xad nda 
^im 


ible circuit plan: 


| amp hibians onward upto the mammals, the circulatory system has 
tplan with separate pulmonary and systemic circulation. In phibians 


ed blood from the lungs is returned to the left a through the 
ry veins, whereas the deoxygenated blood from the 7 is passed to the 
atrium via sinus venosus by the anterior and posterior Vena cava. These two 
S of blood remain separated due to atrial septum in between the right and left 
atria, but get mixed to some extent within the ventricle. Since the oxygenated and 

— deoxygenated blood are mixed, the circulation is known as incomplete double 
| circulation. 


(b) General circulation-partial 
double circulation 


| In crocodile (Reptilian) the ventricle is 
completely divided and the heart is four 
chambered. 


= 
ü Oxygenatedblood _—» 


Ly Deoxygenated er 
1 5 blood mE 
TT 
M. 2 
* È . (a) Heart-three chambered, o atria — Pulmonary vein 
i andone venige rials 
i A Anterior vena cava 


Posterior vena cava 


Sinus venosus 


_____ Carotid arch 
to head and ~ — 
forelimbs 


fie are. 


“a 


_4__ Pulmonary arch ‘ Left systemic arch, 
to lungs ES \ blood to body 
Right systemic arch, E zu Pulmonary arch 
blood to body to lungs 
_ Left systemic arch disapears Right systemic arch disapears 


d Aorta 
d \ 


~ JJ | 
EN 4 | (^... Lenatrium 


At 
Pulmonary artery ——- ——--~ 7 n 
/ 
RW 


/ 
Right atrium ———-— - Ñ je 


— -= Left ventricle 


Fig.14.10 


Vertebrates: 
corse changes have taken place. 


-Shaped having only two chambers. The atrium 


walled chamber ofthe veins, the sinus venosus that 
tr cle which pumps 


14.9.5 Evolution of 
| A In the evolution 0 
E , the heart is S 


the blood through conus arteriosus a chamber of | 


ur 


H 


* pa 


. the same tri-chambered heart is found with a h "ginnina . 
"the ventricle by inter ventricular septum which is com 49 


be 


i $ 
E. id Mammals have four chambered heart. Two atria — 


à - 
Dg 


The two types of blood remain separate. The oxygenated blood cir.” 
he left side and the deoxygenated through the right side. This brings lates 


lete double circulation. 


SPORT IN MAN 


(0.1 Blood Circulatory system (Cardio-vascular system): 
‘The fluid circulatory system, with blood as the transporting materia] } 


amed its highest development in man. It consists of a powerful heart, arteries, 
ins and capillaries. 


vod: Blood is a viscous, red fluid connective tissue, comprising a colourless 
asma in which the blood corpuscles float. 


is na It constitutes about 5596 of the blood. It is a viscous fluid containing a 
lixture of inorganic salts in true soliítion form and blood proteins (albumins, 

ibulins and fibrinogen) in colloidal form. In addition, plasma contains glucose, 
nino acids, triglycerides, urea; hormones, enzymes and auto-toxins. The wateris 


ostabundant componentand forms 90% of plasma. The dissolved substances 
ly 1096. 


od corpuscles: Thesčare the blood cells which form the remaining 45% ofthe 
ood. They are of s. 
agit Eme (Erythrocytes) are biconcave, non-nucleated circular plate- 
€ celis. Their. erage diameter is 7-8 p. They contain a respiratory pigment l 
noglobimwhich is an iron bound protein and has an affinity for oxygen. ' 
nolecules get attached to the haemoglobin forming oxyhaemoglobin which l 
The R.B.Cs are formed in bone marrow of sternum and ribs etc. andar a} 
prater 120 days by phagocytosis in spleen or liver. The iron is ret — 9 
s passed as bile pigments bilirubin and biliverdin. R.B.Csalsocontain® - 
e annydrase which plays a role in carbon dioxide WU 
icles (Leucocytes) are irregular, nucleated cells, larger 


a 
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cocytes may be granulocytes (polymorphonuclear) or agranulocytes 
on the presence or absence of granules in the cytoplasm. Neutrophils, 


Is and Basophils belong to the first category whereas monocytes and 
tes belong to the second category. 


p- Neutrophils and monocytes are phagocytic whereas lymphocytes, eosinophils 
d basophils produce antitoxins, histamine and heparin. 


t 


p^ 


Platelets are irregular cell fragments, non-nucleated, produced within the 
bone marrow. They help in blood clotting. UN 


PN X 


leÂ The lack of 


AN 


Mammalian R.B.Cs are non-nucleated and have no other organel 
nucleus permits more haemoglobin to be packed into the cell. 


: A blood smear showing red blood cells and three types of white cell. 
) A scanning electron micrograph of red blood cell of a mammal. 


Fig.14.1 


14.10.2 Functions of Blood: 


Blood performs many important 


_ five are carried out by plasma. 
E trition: Blood transports digested food, water and other 


E: pet E the alimentary canal to the various parts of the body for 
S j 


storage, oxidation or assimilation. 
Te of Waste Substances: From the tissues to the excretory organs 


functions which are given below. The first 


cC E . y as -—— — 


raf 
BEI the endocrine glands joiaam tan 
of Body Heat: To maintain a uniform body t 
o — and Carbon dioxide: Oxygen is trans 1 
Eun the parts of the body and carbon dioxide from the cej fron 
o removal. 


3 enc ice against Diseases: By phagocytosis through neutro Phils ; 
cytes, which engulf and digest the germs that e NGA d 
eam or by antibodies or antitoxins produced by 1 1 


i 


M Er ^s 


"Protection against its Own Loss: By clotting, making a cios te the injured par, 


Table: Cellular components of blood: 
Origin No. of cells/mm Fuliction 


Bone marrow 50,00,000 Transport of oxygen 
and some carbon 
dioxide 


Bone marrow 


Engulf bacteria 


ANM 
\* 


bw 


ls (1.5%) A marrow 
Produce histamine 


(0.596) and heparin 


Anti-histamine 
properties 


Bone marrow Engulf bacteria 


Bone marrow 
: Production of antibodies 
.. lymphoid tissue spleen 


Initiate blood-clotting 
mechanism 


à " " — — 
"Hm 1 


ignan disorder of the haemopoietic tissues, associated 
h, most often oni idi These are progressive and fatal conditions resulting 
own. Several facta m haemorrhage or infection. The cause of leukaemia is 
nising radiatio rs however are associated with the development of leukaemia 
i ail EET n, cytotoxic drugs, retroviruses, genetic etc. 
14.10.4 Thalassaemia: 

.. Thalassaemia is an inherited impairment of haemoglobin production. When 


zygous, the synthesis of haemoglobin is only ly affected 


- es Eu is hetero 
a! € disability occur. Synthesis is grossly impaired whe e person is 


| i 10 mo gous. 
y~ 
- iwi to synthesize beta chains (B-thalassaemia) isthe most common type. 
E A gotes have thalassaemia minor with mild, anaemia. Homozygotes 
littl saemia major) are either unable to synthesize haemoglobin or produce very 
- little and after 4 months of life, develop a profound hypochromic anaemia. It is more 


A common in children. It results to the enlargementef the kidney. The regular blood 
transfussion is the only remedy. 


Bia 
»e 
, 
oft 


ieee) HUMAN HEART 

The human heart is the most,powerful organ in the circulatory system. It 
| works continuously like a muscular pump and keeps the blood in circulation. The 
— — heart lies in the thoracic cavity between the lungs slightly towards left, enclosed with 
in the rib cage with the sternum in front and vertebral column behind. It is 
surrounded by a double layered pericardium. A pericardial fluid is secreted in 
- between the two. It functións as a lubricant and reduces friction between the heart 

walls and surrounding tissue during the beating of heart. 


14.11.1 Structüre: 


The h conical in shape. It is reddish in colour and consists of four 
chambers. upper, thin walled atria and two lower, thick walled ventricles. Two 
large veins, Superior and inferior vena cava enter the right atrium and two pairs of 


t pulmonary veins open into the left atrium. Similarly, two large arteries emerge out, 
one from the right ventricle pulmonary aorta and the other from the left ventricle, 


[Bystemic aorta. 

— — — jnternally,the tand leftatria are separated by a vertical membranous inter- 
E + “naam ples eee opens into the right ventricle by an aperture guarded 

ba tricuspid valve. The left atrium opens into the left ventricle by the aperture 

^ a4.» bicuspid valve (Mitral Valve). Semilunar valves guard the emergence 

; valves prevent backward flow of blood and 


p 


Chordaetendinae 


Q Left ventricle 


> cavity of the left ventricle ismarrower than the right ventricle be " 
E ilar walls. It is due to thé fact that the right ventricle has to pur 
| i = gs only (pulmonary cireulation) while the left ventricle p mps 0 
| re body (Systemic Aon). 


‘ardiz Cyc eS 


t muscles tract rhythmically without external stimulation. T 
le. Theirr cal contractions arise from within the muscle! isst 
ie contraction, the next will not start till the whole has relaxed 
| en 9" een two contractions. This property enables proper ti 
ence of events which take place during the completion of 
tac cycle. The resting period of the heart chamber M | 
€ perioc d during which they contract is known as systo 
stc le: ase, receives deoxygenated blood from th 
“IVES c ?xygei en pae blood from the lungs. These ct 
TP | i Savontie oia a 
tole ends, deba ue 


/ 


(c) Atria relax, ventricles $ 


contract «C 
H E - A c ! 
7.14.13 Sequence of heart actions involved in one complete heartbeat - the cardiac cycle. 
14.11.3 Heart Beats: «o 


i The contractions of the hear(chambers are known as heart beats which 
are rhythmically and regular. A hüman normal heart beats 72 times per minute 
at rest. These beats are audible ‘and are known as heart sounds. 


p v4 


During the ventricular systole blood is forced against the closed 
AV-valves. This produces the first heart sound LUB. Ventricular systole is followed 
by ventricular diastole, The high pressure developed in the aortae, tends to force 
‘some blood back towards the ventricles which closes the aortae valves. This impact 
of the back flow against the valves causes the second heart sound DUP. 


cular systole is LUB and the ventricular diastole is DUP. One 


cd Thus 
complete Y beat consists of one systole and one diastole and lasts for about 
: 3 nd. A defect in one or more of the valves causes a condition known as 


cala t murmur, which may be detectable as a hissing sound. 


Heart starts beating before the birth and never stops till death. 


1.4 | gs Node ntraction of the heart originates in a specific region of the 


atrial node (S-A Node) close to the point of entry of the - 
of sinus venosus. It consists of c rdiac muscle. 


i 
T 


, à 


T ui 


Right atrium 


Right ventricle 


Fig.14.14 
Position of the sino-arterial and at, 


ventricular nodes, and the A of lis, 


A-V node are similar to those of the S-Anode. It is jonas, 
Node. They are stimulated by the wave of excitem.. 
| travels all parts of thé ventricles, through. e. 
s of specialized muscle fibres of the bundle of His ín the ventricular se M 
nce into the walls of the ventricle, through ‘a net-work of fibres calle 
o fibres, consequently the two ventricles contract. There is a delay ofa 
j seconds in conduction from the S-A node to A-V node permitting atrial systole 
completed before ventricular systole begins. ; 
1.7 Artificial Pace Maker: í 
It is a device that supplies electrical impulses to the heart to maintain the — 


1a person's SAN is not functioning properly or when there is some impairment 
passage of the norpa) electrical impulses. 


| " 


terminology. In medical science it is known as cya ysis 


^ P. a blueish discolouration of the skin and mucous membra ed 3 
m A ntration of reduced haemoglobin in the blood. The most com! 
osis is cyanotic heart disease. ` 


e TE na Composed of n a - vessels consisting of three layers. The outer tunica 
^» EROR UN tissue having collagen fibres. The middle 

terna (intima) Consists of oth muscles and elastic fibres. The inner tunica 
late during ventricle Syd VE TAPA endothelium. The arteries are elastic and 

A arteries contract and pr ole but do not get ruptured. When systole ceases, the 

pulsatile and mine an even flow of blood along their length. They are 
semilunar valves. Bcd. ^ iia pressure. Theirlumen is small and does not contain 
ventricular systole, Th Ows rapidly with jerks in pulsations indicating the 
- sphincters at their ca ii Smaller arteries are known as arterioles. They contain 
= When the Bobtctere ary ends which regulate the flow of blood into the capillaries. 
network, or the UMP d blood is prevented from flowihg through the capillary 
Gonstricts the arteri om of smooth muscle layer.ár the wall of the arteriole 
arteries carry o ole decreasing blood flow through it to a capillary bed. The 

deoxygenated bl Xygenated blood except the pulmonary arteries which carry 

ed blood into the lungs for oxygenation: The arteries are deep seated and 

do not collapse when empty. 


- : d 
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r ui 
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Tunica extema of 


ARTERY Tunica externa of CAPILLARY VEIN collagen fibres 


/ collagen fibres 


Lumen eed 


Endothelial cell 
P if Tunica media of smooth 


Tunica intima of Tunica media of smooth Tunica intima muscle and elastic fibres 


endothelium . "nüscle and elastic fibres 
Fig.14.15 Comparision in structure and function of an artery, capillary and vein. 


14.12.2 Veins: 


Veinsare thin walled blood vessels. They are also composed of the same three 


Their 
ries, but possess less muscles and less elastic fibres. 
ea ae ee eee valves are present which prevent the back flow of blood. 


: lood 
- ress owing through them is low and are non pulsatile. The b 
Eg ^ii pipieod i se veins carry deoxygenated blood except the pulmonary 


flows slowly and ood from the lungs to the heart. The veins are 
b4 | rt oxygenated bl om E 
veins which transpo ceca. 


— 


- 


mid 
"een the circulatory system ang « 
aries in the form of capilla; 
V P (7-10 p in diameter), thin wa led N 
mely narrow (7 ayer of endothelium, which pr 
consist 0 of dissolved substances in or out. The q 
ffi uM which provides amedium through j he 
s The close approximity between the cap > 4e 1 
E" A change of materials. It is only here that exch, 
; e irfcan occur. The oxygen carried by the blood ig¢ * 
4 deficient tissue and the carbon dioxide of the tissue cs 
aneously. The nitrogenous waste is filtered M m. 


e ry tubules for discharge. v 


5 
he 
en 


e 
a C 


A. F NM H 
lands Arteriole Vo. TR p 
(b) Sphincters contracted 


Fig.14.16 «Blood flow in capillary beds 
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Fig.14.17 Blood pressure neds res : 
Sphygmomanometer. | 


NN e Tais iS express as oe during systole of the ventis md e 


nd of these vessels is much greater than eries. For this 
owly in the capillaries, permitting the exchange of materials 


th ap lary bed and passes 
thé/reduction in total cross 


5 th 


tional area. 
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BE] LYMPHATIC SYSTEM © 


Asystem of blind vessels (lymphatics) thatdrains lymph from all over the body 
back into the blood stream is called lymphatlc'system. In addition to lymphatics and 
lymph it consists of lymph nodes, spleen, {fyymus, tonsils and some of the patches of 
tissues in vermiform appendix and sma) intestine. 


intercellylat space 
E ph 4 
d 7 


1 


A ) l ry" bed, where ti 
Is of the tissues) enters the lymy 
1a network in every organ except the nervous system, 
intc Tp vessels which have alargerdiameter thon 


mph. T : 
rounding skeletal muscles in one direction, towards the hea 
onverge into collecting ducts that drain into veins in the lower neck, 


Lymphatic — < 


vessel 
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Fig.14.19 The human lymphatic system 


ries as lymph along with W.B.Cs, cell debris and micro-o 


—— All body tissues are bathed in a watery fluid derived from the blood stream. 
sintercellular or tissue fluid is formed when blood passes through the capillaries. 
illary walls are permeable to all components of blood except the R.B.Cs and 
s. The fluid passes from the capillary into the intercellular spaces as 
ularor tissue fluid. About 8596 fluid returns into the blood at the venous 
ary. The rest 1596 of the tissue fluid drains into blindly ending 


14.13.2 | 
| Functions of Lymphatic system: « T 


Drainage system: Dy 

ama proteins iade aed Wie cua vessels act as draig $% channels for water and 
E Gelivered back to bi eaked away from blood at @apillary bed and that must 
| ood circulation, without which death can occur in 24 hours, 


Defence : : 

Wee p LÍ body: Microorganisms, foreign cells, cellular debris in the 
- o da y macrophages residingin the lymph nodes. These are also the 
S entiation of the B cells into,arítibody secreting cells. 


a — DAS 2 Lymph capillaries called lacteals penetrate 
ne wheré fats are absorbed and deli 
BE system, elivered to the blood 


— 14.13.3 Edema: 

Whenever, the tissue fluid accumulates, rather than being drained into the 
— blood by the Iymphatie system, tissues and body cavities become swollen. ‘This 
condition is known as edema. Any factor that increases the tissue fluid pressure high 
enough than normal value can cause excess tissue fluid volume causing edema like 


"high blood pressure, kidney failure, heart failure etc. 


Causes of Bdema: 
4 One ofthe common cau 
Starved for amino acids, the body 


osmotic potential of the blood ca 


se of edema is severe dietary protein deficiency. When 
consumes its own blood proteins. This reduces the 
using tissue fluid to accumulate in body tissues 
m being drawn back into the capillaries, resulting in edema. 

f fedema is lymphatic obstruction which results in more and 
Another cause o d, hence, the increased volume. The 


ue flui 
ection in the gn a is filariasis (infection by nematodes). 


immonest cause of lymphatic - f the capillaries due to burns or allergic 
etimes increased permeability © 


ra - 


ar , 
e arterial wall (intima) which loses its 
'ausing agnarrowingof the artery and 
is due to the formation of fatty lesions called - 

| ıq quem patches) in the inner lining of the arteries. These 
“ares y density lipoproteins or LDL (cholesterol and proteins), 
je cells. fibrous tissue, clumps of blood platelets and some times 


0.5 mm 


Fig.14,2Q/ Atherosclerosis 


The arteries become extremely hard and the disease is called arteriosclerosis 


ply hardering of p ovre 


Causes: The possible causes of atherosclerosis are smoking, hypertension, 

"gender, obesity, physical inactivity, a high serum cholesterol level, severe 
ibetes, family of arterial disease and possibly an anxious or aggressive 
of atherosclerosis increases with age. 


B 
B * 


Effects: Unfortunately atherosclerosis produces no symptoms until the 
feto the arteries is severe enough to restrict blood flow. Restriction of the 
) the heart muscles due to atherosclerosis can cause angina pectoris 
je chest and arms or jaws usually during exercise or stress). 
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nt B ártetial pressure is greater than the upper range, accepted 
ges rsor nis said to be hypertensive having hypertension. Usually a 
p bial greeter than 110 mm Hg under resting condi 


= d ins o 2 ETT 


ension. 


4.14.3 Thrombus formation: 
č The formation of blo 


4 


If a clot dislodges and travels‘n the blood stream, it is termed as embolus. It 


can obstruct any small artery suchas coronary artery, the out come may ranges from 
angina to heart attack. 


14.14.4 Coronary Thrombosis: 
Tu Narrowing or blockage of one of the coronary arteries (which supply blood 
—10 the heart muscle) by a thrombus is called coronary thrombosis. This causes a 
section of the heart. muscles to die because it has been deprived of oxygen. It is one 
of the main processes involved in coronary heart disease. Sudden blockage of a 
E ronary artery can cause acute myocardial infarction. 

SS 


14 ction—Heart attack: 

M" Mo Er gena the part of heart muscles characterized in Ru dd i 
by s chest pain. This is commonly known as heart attack. € 
iJ E En the coronary artery either by thrombus or embolus, the bl 

E iege grano es stops. The area of heart muscle which has zero or 


y to some cardiac mena sustain cardiac muscle function is said to be 


ence the 

ed myocardial infarction. As a consequence, : 
pa tee ed a lack of nutrients and oxygen. Ifthe damagedarea 
muscles pe from the heart attack but death of the large an 


t 


to da nage to part of the brain caused by intern Aion tot 
er by a thrombus or embolus) or leakage of blood outside v Edie’ 
by the impairment of the sensation, movement, or function 


aged part of the brain. Damage to any one cerebral hemisphere 


veakness or paralysis of one side of the body called hemiplegia. 
ion and atherosclerosis are among the most common causes. 


_ The stroke can be prevented by keeping the blood pressure at normal range, 

ugh a proper diet. Salts should be used in less quantities as they increase blood 

sure. Fats should also be reduced especially those which are rich in cholesterol. 

cause thrombus formation resulting in atherosclerosis of the arteries particularly 
the coronary arteries. Exercise should be made a regular habit of life; At least 30 
minutes brisk walk per day. Smoking should be avoided. Tensionisthe major cause 
of hypertension. The life should be made easy and free of extra. worries. 


Haemorrhage: The haemorrhage is defined as the escape of blood from the vessels. 
Small haemorrhages are classified according to their size. The massive accumulation 
of blood within a tissue is called haematoma. 


The haemorrhage may occur any where in the body. But the most dangerous 
is the brain haemorrhage causing stroke. 


EZET] THE IMMUNE SYSTEM 
Immunity: 


: Animal body is always exposed to the invasion of countless infectious 
microorganisms such as virus, bacteria, etc. However, due to the defense 
mechanisms evolved by thé animals, such invasions in number of cases, are 
overcome. The ability ofthe body to resist microorganisms, their toxins if any, 
foreign cells, and abnormal cells of the body is termed as immunity. 


Immune System: 
Immunity i$ conferred to animals through the activities of the immune 


system whickhi-combats infectious agents. The study of the functioning and 
disorders of the immune system is termed as immunology. 


ection of cells and proteins that work to protect the 
infectious microorganisms. It also plays role in the 
rsensitivity, and rejection problems when organs or 


Immune system is a coll 
body from potentially harmful, 
control of cancer, allergy, hype 
tissues are transplanted. 


E The immune system can be divided into two functional divisions: 
(1) Innate immune system, and (2) Adaptive immune system. 


hemi [ Immunity which is | : 


n i non-specifi a E A. 
infectious micro-organisms e, gastri Physical (e.g. skin pedi 
: € juice, etc.) barriers — 


: i er only throi 
are protected by the movement ory, and urino- ental taste eas membranes 
: o 
destroy many microbes. Most ie and secretions (e.g. lyso à teait o 
swallowed mucus from the u 


€ micro-organisms | 
present in. or trapped in 
er : ppe 
acidic gastric juice of the PRI ae respiratory tract are cece by the highly 
. VN 


, 


If some how micro- l « 

S or mucous ooo ir are able to penetrate the outer layer of the 
: encounter a secofid line of d 

the innate immune system. It is also non-speci efense offered by 


ig ; fle'in nature and comprises of 
phagocytes, antimicrobial proteins, and inflafamatory response. d 


i 


Phagocytes are certain type of WB.C. which can ingest, internalize and 
destroy the particles including infectious)agents. The short-lived phagocytic cells 
called neutrophils (polymorphonuclear neutrophils) ingest bacteria very actively. 
The other phagocytic cell, the monocyte can developinto large, long-lived macrophage 
(big-eaters) when they reside in various tissues of the body. Macrophages not only 
destroy individual microo rganisms butalso play a crucial role in the further immune 
response by “presenting” parts of the that micro-organisms to other cells ox the 
immune system. For this reason they are termed as antigen presenting celis. 


ally 
.. the natural killer cells (NK cells) destroy vir 
Another g^ ^T sel sacó also attack abnormal cells (cancerous cells). NK 

the target cells. Instead, they bind to their target cell, e 
cells do not phagocyte ins into the target cell which eventually Wigs lysis of the 
|. Some pore forming pr "destroying the target cells is called cytotoxicity. 
— target cell. This kind o 


Among antimicrobial P dace 


t proteins 
rtantare lysozyme, complimen 

i n. nt in teare, valijat owe 
! sozym® proteins wor inna 
he in y lysis of b as 
oput ; sis of bacteria. erons 
Well as adaptive T es, and promote eae toinduceastate of antiviral 


T 


ability of the adjacent capillaries, o 
leakier. Due to chemotaxis, phagocytes andı 


c. forming pus. 
arm blooded animals, a number of micro-organism which e 
lammatory response to infect some large part of the body. p 
y caused by certain W.B.Cs. that release substance cálléd pyr 
perature of the body higher than the normal. Vi : 
but moderate fever contributes to the defense of the Hedy. 
1e micro-organism, facilitates phagocytosis, incréases the pre uc 
on, and may speed up repair of the damaged tissue. 7 


3.2 Adaptive Immune System: 
> adaptive immune system is extremely complex. It produces spec 
response against a range of different invading organisms, toxi 
dtissues and tumor cells. This is the third line of defense which. Cor 
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E Myeloid stem cells 


l1 ES i 
p Lymphoid stem cells , 
"2 Vn ta mpetent stem cells — 
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E 4 Basophils 


Erythrocytes 
/ 


* 


net ig. j 
Veger o VU f 
Platelets " 

v 


Pa 
Fe} 
- "y 
4 
y 


MDCATBY FUTURE DOCTORS (TOUSEEF AHMAD 


" wg 


immun aoe 
i e response. basic key features of the 


In order to develo 
P a specific imm 
recognize the inv une response, the imm must 
pos. A O n Mcr ape foreign proteins from tà self Gastea and 
immune system responds t cits immune response is called antigen. The 


o an antigen b 

2 y activating 1 ho 

x em E proteins called antibodies. The antibody conie Meer 
E nd helps to eliminate it from the body. ofa: = 


. has The immune sy of a vertebrate 
- Bey unlimited capacity to generate different anti s which recognize 
i) millions of potential antigens or foreign molecules.’ 


" Eo pan immune system has also the ability to Yaemorize antigens it has 
untered. Thus upon subsequent exposure to tie same pathogen, it responds 
very quickly and effectively. 


The adaptive immune system mourits two types of attacks, termed as 
humoral immunity and cell-mediated immnnity (CMI), on invading micro-organism. 


] i) Humoral Immunity: 

Immunity provided by thé antibodies secreted in the circulatory system by 
B cells is termed as humorahimmunity. This is particularly helpful in bacterial 
invasion. It has been determiried experimentally that each B cell has specific type 
of antibodies on its cell stirface. This antibody serves as antigenic receptor. When 
— aninfection occurs, the antibodies borne by a few B cells will bind to antigens on the 
surface of the micro-organism. Antigen-antibody complex binding causes such B 
cells to divide rapidly to give rise enlarged, effector cells called plasma cells which 
secrete antibodtes into the circulation that help eliminate that particular A 
Some of "effector cells do not secrete antibody, they become AE o— "i 

S lav important role in future immunity to this specific organism 
memory celis play When circulating antibodies bind to antigens, the micro- 
pranfecbon tigens are easily phagocytized, or lysed by the complement 


organism bearing euch ae cr. antibodies neutralize the toxins 
mp cells do). Moreover, 
l proteins Ue dot cause agglutination of the microorganisms. 
TW unity (CMD): cytes 
- EJ Ec Mediated Tity is 7 tributed by the second family poh ga 
allec - dk det do not secrete Antibodies, lire emer dd | des | 
CE ' tion. S P vendor im * 


cells, and aiding vs some parasites that hide 


vom m pes of T cells contribute to cell mediated : > TRAN 
dc T cells (T), and SuppressorTcells(T). 7 


s, helper Tcells and cytotoxic T cells have antigenic receptor : 
ors (TCRs) on their plasma membrane. Helper T cells recept Called 
combination of antigen fragment and one of the body's E actually, 
à or Histo-compatibility Complex (MHC) Class II" mole d marker 
f macrophage or B cells. OD the 


| 


a di On the other hand, the receptors on the surface of cytotoxic T cells re b. "E 
ination of antigenic fragment and selfsurface maker molecules called] T 3 CERA 
ch are found on every nucleated cells of its own body.. - Va > 


7 _ After the infection is conquered, another group of T cells MN 
"T cells seems to shut off the immune response in both B cells and cytoto xic Todi 


us 


1^ During CMI response, some T cells turn into memory T cells to 
Eo ] protect 
body in case of re-infection in future. "uw 


14.15.3 Cytokines (lymphokines): 
©) Gytokines, or the hormones of the immune’system are protein molecules 


secreted by the cells of the immune system to regulate the immune responses. 
Various cytokines including a range of interleukins (IL), interferons, etc. have been 


recognized and their roles have been studied. 


E. Interferons belonging to thé«group of cytokines are a group of proteins 
produced naturally by body cells. in response to viral infections and other stimuli: 
They inhibit viral multiplication and increase the activity of the natural killer cells. - 


14.15.4 Primary and Secondary immune responses: NI 
|... .The first exposure of an antigen to the immune system elicits formation of - : 
clones effector cells-(ó develop specific immunity. This response of the immune — 
systemis Bue response. Beginning from the infection to the development ) 
| ector cells takes about 5 to 10 days. i 


ER - 


| ye 
— Indeed, there is always risk of re-infection with the same pathogen. miso P 
ASi the immune response is always quicker than the first one. This is known" : 
dary immune response. It develops to its maximum within 3 to 5 days. D 
response is made possible due to the ability, called immu? ees 
y. of the immune system. It is based upon the long lasting MCP ^. T 
with the short lived effector cells of the primary immune resp” ise 
ntof memory cells may provide life long protection againstsome 
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immune response is called ac 


Immunity acquired by own 
ve immunity S atural infection, it is said to be Nat 
Artif Bal Ante be acquired artificially by vaccina E 'ase 
Civ im ‘ive Immunity. The concept of vaccination is already far 
ipate Eus E (chapter 6). Active immunity due | 
y `. ological memory provides long term tion evetiitz t END 
ê 2.8. in chicken pox) life long protection is one ded. protection, eveninsome » 


di) Passive Immunity: Q » | 


F a T^ ae upon the antibodies transported from an Nb person or even an 
a a adm K be Natural Passive Immunity, if anti s transferred to one 
BE n. erived from another of the same specie r example, a pregnant 
Ber oett S ig of her antibodies to her fetus th h placenta. Also, the first 

| ye 8 e colostrums, of mother pass certáitrantibodies to her newly born 
infant. Such immunity is short lived and providés-temporary protection. | 


[| 


Passiveimmunity can also be transferfed artificially by introducing antibodies 
derived from animals or human being whóare already immune to that disease. This 
is termed as Artificial Passive Immunity. For example, rabies is treated in man 
by injecting antibodies derived frorp-persons who have been already vaccinated 
against rabies. This confers rapíd/immunity to combat the rapidly progressing 
rabies in the new victim. Although acquired passive immunity is short lived, it 
boosts the immune response of the victim several folds. 


Immunization: > 
| Immunizatior is the process of inducing immunity as a preventive measure 


t certain inféctious diseases. The incidence of a number of diseases (e.g. 


ains 
E nera, meásels, etc.) has declined dramatically since the introduction of 
effective zation programmes. Once thought to be the dreadful diseases like 


tuberculosis: etc. is now under control through immunization and treatment. 
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ee and minerals for plants, various p oc 
* n. osmosis, imbibition and active trang 
jon of H,O and minerals from soil. 
y il ad ant in the life of plants because it makes up the ma 
nin which biochemical processes essential for life occult E 


potential is a quantitative expression of the free ene: ssociat 


Y~ " 


> pressure is the pressure that must be exerted on a solution tom 
of solvent molecules into when thésolvent and soluti 
'ated by differentially permeable membrane. 


sis is the withdrawn of protoplasm from cell-wall due to exosmo 
sh of plasmolysed condition dueto endosmosis is called deplasme 


tic pathway is the tránsport of water and solutes th 
90 € SIT) ata. 


tic pathway is ne transport of water and solutes 
tra-cellular pathway <~ 


— 


ent of sap. The movement takes place throw ! 


Jpward movement water from root to leaves against the downward 
: omnc 
A 


re as thought to be responsible for ascent of sap 3 


à " S | 
tratior pull and cohesion forces are responsible for ascent 


of ater in the form of vapours through aerial parts of plant | 
ration, it takes place through stomata, cuticle or lenti¢ a 


t XN 
ti 


"Wh 


wind, humidity and soil water are some factor" 
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z »" from source to sink, this movement * | 
» tal a TX i N -— 
oe pv" 
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reulato, a System is of : 
' Y system. 
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E flows within the body cavities and bathes the tae T1 
E l cephalopods and vertebrates have closed | S 


System in which the blood circulates 
within 


A circulatory system in which the blood flows : 
only once the heart for 
ee circu of the body is called a stage siut gin cr 


A double circulation is one in which the bloga bs through the heart twice 
for every complete circuit of the body. O 


Leukaemia and thalassaemia are twọdòorders of blood. 


Cyanosis (blue babies) is caused pf Vyanotic heart disease. 
Edema is the swelling of the paris by the accumulation of lymph. 


Immunity is conferred {9 : Xnimals through the activities of the immune 
system. Cn 
Primary immun xesponse is against the first exposure of an antigen to the 
immune systen 6rming clones of effector cells. 

une response is against the second infection by the same 
hich is much quicker than the first one. 


ing immunity as a preventing measure 


t 9999 o 


Seco 
pathog 
immunization is the process of induc 
against certain infectious diseases. 
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eofh hydro Deb Bonds ble vite a RE 
Attraction of H,O molecule to the walls of xylem. 

i — Diffusion of H,O from cells in the root to the cells inthe shoot. 
Biratesiration. V 


- morning when the sun rises, plants open TE stomata by: 
fa) Pumping H,O out of the guard cells. KI 

| 00 Pumping H,O into the guard e 

(c) Pump K* ion into the guard celis) 

(d) Pump K* out of the guard Gell’. 


> 


j Excess water is forced out irí the form of droplets through: 
M (a) Stomata (b) Cuticle 
(c) | Hydathodes . (d) | Lenticles 
é e " «X M 
EC point when just starts diffusion to seperate from cellwall 
7 OMM (D Incipient plasmolysis 


T EÉ Beplasmolysis (d) All of them 


f E... of sucrose into sieve element is a step commonly 


CM loading (b) Unloading 

E i (d ^ Osmosis 

pomy system blood is completely enclosed within: 
} (b)  Sinuses — 
Hearts 


Pd 
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| (c) , Haemocoele (d) - None of à the uer 


à Siba vessels carrying oxygenated blood from lungs 
- 5 sitato Pulmonary vein (b) Pulmonary arteri 


s E- (c) . Coronary artery. (d) ^ Coronary or 
(x) Which of the following has no musculaf walls? 
(a) = Artery (D Vei 
(c) Capillary (d) ea cava 
(xi) Living part of blood is: QE | 
(a) Plasma , ^5) Lymph 
: É (c) Serum 62, (d) Corpuscles 


Q; 
2. Write detailed answers of the following questions: 
7 A wi 
(i) | How doe pressure flow theory explain the movement of sugar 
throughithe plant? 


(ii) | De e the cohesion — tension theory of water movement through 
| m? What supplies the cohesion and what is the source of | 


nsion? How do these two interact to move water through a plant? 
(iii) ` Describe the structure of human heart and ho the cardiac 


|. cycle. 
i iv) What is lymphatic system? What functions it EU 


/ 4 are pindi vamus disorders? Give a — 


t answers of the following questions: 


Why the circulatory system of grasshopper is calle 


A P -Why we say that amphibians and reptiles S ncornpi d 
. circulation? 5 


a (iii) ^ Why white blood corpuscles are none of the body 


(o9 Why the capillaries have a single layer! of endothelium? 
3 
E E) What are LUB andDUP?  . Ś 
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